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Dear Sir: 

I, Lynn E. Spitler, declare as follows: 

1 . I am a coinventor in regard to the above-referenced patent application, and have 
been supervising clinical trials using antitumor vaccines which contain recombinant human 
prostate-specific antigen (PSA) as the active ingredient. I am an experienced immuifblogist and 
medical doctor. A copy of my curriculum vitae is attached hereto as Exhibit A. 

2. I note that The Examiner makes the point several times that previous attempts to 
actively immunize patients with prostate adenocarcinoma cells admixed with adjuvant have shown 
little or no therapeutic benefit. However, the use of whole tumor cells is not analogous to the use 
of recombinant protein such as purified PSA. Whole PSA is not represented on the surface of the 
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tumor cells; thus, the patients would not be expected to be effectively immunized to PSA via this 
approach. PSA is synthesized within the tumor cells and secreted; therefore, the patients' immune 
system might be exposed to small amounts of PSA through this approach as some of the tumor 
cells die and release the internal PSA; these small amounts of antigen would be presented to the 
immune system in the context of all the other antigens present on and in the tumor cells. This 
would not be likely to result in an immune response to the PSA. Peptides derived from PSA are 
present on the surface of the tumor cells, presented in the context of HLA molecules. For these 
to induce an immune response, it would be expected that they would have to be taken up by the 
professional antigen presenting cells and represented on the surface of these cells. Again, this 
would be occurring in the presence of all the other antigens present on and in the tumor cells, 

3, Thus, one cannot take failure of the approaches using whole tumor cells to indicate 
that immunization with specific antigens will fail (including antigens overrepresented in the 
prostate gland, an immunologically effective portion thereof, or an antiidiotype antibody). 
Indeed, it is the recognition that the use of pure antigens may represent a more effective means of 
immunization for cancer therapy which has led to intense activity in this field and numerous 
clinical trials (Spitler, L.E., Engineered Vaccines for Cancer, Sixth International Congress on 
Anti-Cancer Treatment (1995) Paris, February 6-9, 1996; Spitler, L.E., Cancer Vaccines: The 
Interferon Analogy, Cancer Biotherapy (1995) 10: 1-3 (copies attached). 

4. Clinical trials in a number of patients have been initiated using recombinantly 
produced human PSA. PSA is a well known glycoprotein with a molecular weight of 33-34 kDa. 
PSA was cloned, expressed, and produced by large scale suspension cultures of High Five™ 
insecT-cells infected with recombinant PSA-baculovirus. PSA has the amino acid sequence: 

DLIVGGWECEKHSQPWQVLV 

A S RGRAVC G GVLVH P QWVLT 
AAHCIRNKSVILLGRHSLFH 
PEDTGQVFQVSHSFPHPLYD 



dc-43891 



2 



Serial No. 08/288,057 
Docket No. 204372000320 



MS'LLKNRFLRPGDD S SHDLM 
LL-RLSEPAELTDAVKVMDLP 
TQEPAL6TTCYAS6W6SIEP 
EEFLTPKKLQCVDLHVI SND 
VCAQVHPQKVTKFMLCAGRW 
T66KSTCS6DS66PLVCN6V 
LQGITSWGSEQCA LPERPSL 

YTKVVHYRKWIKDTIVANP 

PSA was purified from the culture supernatants by affinity chromatography using a monoclonal 
antibody specific to PSA and incorporated into liposomes of the following composition: 

Each ml. (one dose) contained: 



Component 


Quantity 
(mg/ml) 


Prostate Specific Antigen 


Approximately 0. 10 


Monophosphoryl Lipid A 


0.20 


Dimyristoyl phosphatidylcholine 


61.01 


Dimyristoyl phosphatidylglycerol 


6.89 


Cholesterol 


29.00 


Polysorbate 80 


0.10* 1 



Buffer: 20 mM TRIS-glycine in 140 mM NaCl 

* Maximum quantity that can be incorporated. The actual 
amount incorporated is unknown. 
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5. * Six (6) patients were immunized with the prostate cancer vaccine described above. 
Each patient was given 1 ml of the vaccine intramuscularly, divided into 2 sites, on days 0, 30, 
and 60. An additional two (2) patients have been treated by intravenous administration of the 
product with the same dose and schedule of administration. All patients were carefully monitored 
for adverse effects through clinical and laboratory evaluation. No adverse event attributable to 
the vaccine was observed in any patient. Specifically, there were no adverse events suggesting an 
autoimmune reaction to cross-reacting antigens. 

6. Immunologic tests of T and B cell responses were performed before each 
immunization and 2 weeks after each immunization. Evidence of T-cell immune responses was 
observed. (Harris, D.T., et al., Active Specific Immunization of Patients with Hormone- 
refractory Prostate Cancer using OncoVax-P™, ASCO Proceedings (1996)) (copy enclosed). 

7. For immunologic testing of patients, a pool of peptides representing CTL epitopes 
of PSA was used: 



Amino Acid Numbers 


Sequence 


29-37 


VLVHPQWVL 


98-106 


MLLRLSEPA 


141-150 


FLTPKKLQCV 


146-154 


KLQCVDLHV 


154-163 


VISNDVCAQV 



Peripheral blood mononuclear cells were harvested at the times indicated and incubated 
with the PSA peptide pool. On the third day of culture, Interleukin-2 (IL-2) was added. On day 
7, the cultures were restimulated with autologous antigen presenting cells and the PSA peptide 
pool. The cultures were assayed on day 19 to determine the levels of gamma interferon and 
Interleukin-4 (IL-4) production. Results in the first four patients studied showed an increase in 
the production of these cytokines in some of the samples after immunization, as compared to 
before immunization, thus indicating a T-cell response. These results are shown in Exhibit B. 
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8. - The foregoing results show that in clinical trials, the vaccine of the invention 
causes no adverse side effects sufficient to undermine its efficacy and that the vaccine is capable 
of eliciting an immune response to the PSA antigen mediated by T-cells. 

9. In more detail, in regard to safety, there were no local reactions at the injection 
site, no symptoms of prostatitis, no signs of autoimmune disease, no malaise or fevers, and no 
signs of allergic reactions. 

10. All of the patients had metastatic disease, had failed hormonal therapy, and had 
rising levels of PSA at the time of entry into the study. 

11. As shown in the table below, and in Exhibit B, two of the six patients (patients no. 
2 and no. 3) had immulogical responses to PSA and three others had some suggestion of reaction 
(patients no. I, no. 4 and no. 5). Lymphocytes from patient no. 2 showed proliferation to PSA 
and to PSA peptides as well as production of the cytokines y-interferon and interleukin-4 in 
response to PSA peptides. The: lymphocytes from patient no. 3 showed proliferation in response, 
to PSA in two separate tests and this patient had a positive skin response to PSA. We were not 
able to measure CTLs directly because the assay is still under development; however, the cytokine 
production in response to PSA peptide stimulation shown in two patients is correlated with CTL 
development. The following table summarizes the results obtained. N T. refers to not tested. 



Immulogic Responses Summary 


Patient # 


PSA Skin 
Test 


Lympho 
#1 PSA 


Lympho 
#2 PSA 


Lympho 
Peptide 


Cytokine 
Gamma 
IFN 


Cytokine 
IL-4 


Antibody 


1. AW 








+/- 




+ 


0 


2. JH 


NT. 


+ 




+ 


+ 


+ 


0 


3 MD 


+ 


+ 


+ 






+/- 


+/- 


4. MED 




N.T. 






+/- 




0 


5. HN 




NT. 


+/- 




N.T. 


N.T.- 


0 


6. JLB 




NT. 






N.T. • 


N.T. 


0 



1 2. Exhibit C contains copies of overhead transparencies prepared for formal 
presentation of results of the clinical study. 
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CURRICULUM VITAE 



LYNN £. SPITLER, M.D. 

1895 Mountain View Drive 
Tiburon, California 94920 

(415) 435-9861 
FAX (415) 435-6851 

Social Security #366-38-1697 



Education : 



University of Michigan. Ann Arbor. Michigan 

University of Michigan Medical School 
Ann Arbor, Michigan 
M.D. (cum laude) 



1956-1959 
1959-1963 



Training : 



Intern 



Resident 



Fellow 



Immunology 
Trainee 



Highland Alameda County Hospital 
Oakland, California 

University of California 
School of Medicine 
San Francisco, California 

H.S. Lawrence. M.D. 

Department of Medicine • Immunology 

New York University 

New York, New York 

H. Hugh Fudenberg, M.D. 
University of California 
School of Medicine 
San Francisco. California 



1963-1964 



1964-1966 



1966-1967 



1967-1969 



-I- 



Teaching ^yoointments aqfl Employment; 



Instructor of Medicine in Residence 1 970. i 97^ 

University of California 

School of Medicine 

San Francisco, California 94143 

Assistant Professor of Medicine in Residence 1 971 -present 

University of California 

School of Medicine 

San Francisco. California 94143 

Research Associate 1971-1978 
Cancer Research Institute 

University of California ** 
School of Medicine 
San Francisco, CA 94143 

Director, Melanoma Center 1978-1990 
Northern California Health-Center 
San Francisco, California 941 18 

Director of Research 1978-1981 
Children 's Hospital of San Francisco 
San Francisco, California 94118 

Member, Graduate Group in Comparative Pathology 1976-1981 
Department of Comparative Pathology 
University of California, Davis 
Davis, California 

Senior Vice President m 1981-1988 

XO MA. Corporation 
2910 Seventh Street 
Berkeley. California 94710 

Associate Scientific Director 1 988- 1 989 

Riotherapeutics, Inc. 

357 Riverside Drive 

Franklin. Tennessee, 37065-1676 
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Director 

Northern California Melanoma Centers 
1895 Mountain View Drive 
Tiburon, California 94920 

President 

Jenner Technologies 
1895 Moountain View Drive 
Tiburon, California 94920 



1990-present 



1991-present 



Awards and Honors: 



Recipient; Dernham Senior Fellowship 
California Div. of the American Cancer Society 

Recipient: Research Career Development Award 
National Institutes of Health 

Alpha Omega Alpha (Junior year) 

Outstanding Young Women of America 

Who's Who of American Women 

Who's Who in the West 



196SV1971 
1971-1976 

1961 
1968 
1972 
1973 



Board Certification: 

American Board of Internal Medicine 1972 
American Board of Allergy and Immunology m 1974 



Licensure; 

Michigan 25985 

New York 96454 

California C-26446 
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American Associatioo of Immunologists 

American Association for the Advancement of Science 

Alpha Epsilon lota 

Western Society for Clinical Research 
American Federation of Clinical Research 
Society of Biological Therapy 
American Association for Cancer Research 



Patent #4,439,810 for "Composition and Method for Transplantation Therapy" 
Patent #4,590,071 for "Human Melanoma Specific Immunotoxins" 



PUBLIC SERVICE 



Allergy and Immunology Research Committee, NIAID, NIH 

Merit Review Board in Immunology, VA, Washington, D.C. 
(Chairman 1979-1980) 



1976-1980 
1976-1980 



Board* 



The Journal of Immunology 

The International Journal of Immunopharmacology 

Immunologia Qinica e Sperimentale 

Antibody Immunoconjugates and Radiopharmaceuticals 

(Associate Editor) 

Molecular Biomerapy 

Cancer Biocherapy 



1975-1978 
1979-1984 
1982-1986 

1987-presene 
1987-prescnt 
1991-present 



Vfaay^ciipf Reviews; 



American Review of Respiratory Disease 

Annals of Allergy 

Annals of Internal Medicine 

Archives of Dermatology 

Archives of Internal Medicine 

California Medicine 

Cancer 

Cancer Immunology and Ixnxnunopathology 
Cancer Research 
Cellular Immunology 
Chest 

Infection and Immunity 

Infectious Disease and Immunology 

International Journal of Immunopharmacology 

Journal of Hin^ 1 Investigation 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of the American Academy of Dermatology 

Molecular Biotherapy 

Nature 

New England Journal of Medicine 
Science 

The Western Journal of Medicine 



Special Consultant: 

National Institutes of Health Grant Revtcws 

National Intimites of Health Site Visits 

United States Tubercu losts Panel Task Group 

Atomic Energy Commission Site visits 

Public Ediirartnn Panel National Multiple Sclerosis Society 

Review of Grant Applications for the National Science Foundation 

Enterprise for High School Students, Medical Apprenticeship Program, 

San Francisco* California 
Board of Directors, San Francisco Unit, American Cancer Society 
Research and Human Experimentation Committee, Children's Hospital 

of San Francisco 
U.S. Energy Research Development Administration Sloe Visits 
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(PSA) as an active ingredient in an antiprostate cancer vaccine. I am also familiar with the study 
itself, and with the results that were obtained. 

3. The purpose of the study was to obtain initial evidence the vaccines would raise a 
sufficient cellular immune response to have a beneficial effect with respect to prostate tumors. 
Such a result could be shown directly by measuring cytotoxic lymphocyte (CTL) generation; 
however, I am aware that this was not possible in these studies because of problems assaying 
cytotoxic T cell activity. This problem is widespread in the field, despite occasional reports to the 
contrary, and a lack of sensitive assays for CTL activity is widely considered to be one of the 
major obstacles to the development of a new generation of vaccines capable of inducing cytotoxic 
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immunization to blood drawing, and whether testing for CTL activity in the peripheral blood 
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4. The responses measured are understood in the art to be satisfactory substitutes for 
measuring CTLs. Thus, the proliferation of lymphocytes from two of the patients in response to 
contact with PSA or in response to peptides representing putative PSA epitopes suggests an 
appropriate cellular immune response. The ability of PSA or PSA derived peptides to stimulate 
cytokine production — i.e., gamma interferon and IL-4 production — from lymphocytes in these 
patients indicates that the cellular response is obtained specifically with respect to PSA. The 
observation of the development of a positive skin test response to PSA in one patient is also 
consistent with these observations showing the development of cell mediated immunity in this 
patient. 

5. In my opinion, the results obtained in this clinical study provide evidence that the 
vaccines are likely to be effective in exerting a beneficial effect on patients with prostate tumors or 
at risk for prostate tumors, though much further work will be required to increase the frequency 
and potency of the responses.. 

6. The efficacy shown for the vaccine tested in the foregoing clinical studies further 
provides evidence that analogous vaccines based on host tissue antigen, such as prostate specific 
membrane antigen (PSMA) and prostate acid phosphatase (PAP) would behave in a similar 
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manner. It is also well known that if the entire antigen is effective as a vaccine, portions of the 
antigen will be effective as well, especially if manipulated by art-known methods to enhance their 
immunogenicity, such as by coupling them to carrier. 
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patent issuing thereon, or any patent to which this verified statement is directed. 
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3. * The purpose of the study was to obtain evidence that the vaccines would raise a 
sufficient cellular immune response to have a beneficial effect with respect to prostate tumors. 
Such a result could be shown directly by measuring cytotoxic lymphocyte (CTL) generation; 
however, I am aware that this was not possible in these studies because the assay was not 
satisfactory because of the lack of an appropriate target cell for the assay. 

4. The responses measured are understood in the art to be satisfactory substitutes for 
measuring CTLs. Thus, the proliferation of lymphocytes from two of the patients in response to 
contact with PSA or in response to peptides representing putative PSA epitopes is indicative of an 
appropriate cellular immune response. The ability of PSA or PSA derived peptides to stimulate 
cytokine production — i.e., gamma interferon and IL-4 production -- from lymphocytes in these 
patients also indicates that the ceiiuiar response is obtained specifically with respect to PSA. The 
observation of the development of a positive skin test response to PSA in one patient is also 
consistent with these observations showing the development of cell-mediated immunity in the 
patients. 

5. In my opinion, the results obtained in this clinical study provide evidence that the 
vaccines are likely to be effective in exerting a beneficial effect on patients with prostate tumors or 
at risk for prostate tumors. 

6. The efficacy shown for the vaccine tested in the foregoing clinical studies further 
provides evidence that analogous vaccines based on host tissue antigen, such as prostate specific 
membrane antigen (PSMA) and prostate acid phosphatase (PAP) would behave in a similar 
manner. It is also well known that if the entire antigen is effective as a vaccine, portions of the 
antigen will be effective as well, especially if manipulated by art-known methods to enhance their 
immunogenicity, such as by coupling them to carrier. 
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consistent with these observations showing the development of cell-mediated immunity in the 
patients. 

5. In my opinion, the results obtained in this clinical study provide evidence that the 
vaccines are likely to be effective in exerting a beneficial effect on patients with prostate tumors or 
at risk for prostate tumors. 

6. The efficacy shown for the vaccine tested in the foregoing clinical studies further 
provides evidence that analogous vaccines based on host tissue antigen, such as prostate specific 
membrane antigen (PS MA) and prostate acid phosphatase (PAP) would behave in a similar 
manner. It is also well known that if the entire antigen is effective as a vaccine, portions of the 
antigen will be effective as well, especially if manipulated by art-known methods to enhance their 
immunogenicity, such as by coupling them to carrier. 
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7. "I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 
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Dear S ir 

I, Lynn E. Sprtlar, declare ts Stfowt; 

1. I am * aanveotor of the subject matter in the ab o vc « r sftren ocd application, [have 
bees a. pnetieng snowoloyat for many yon. A copy of my tw? jcu^bh vitoc is attached hsetu 
« Exhibit A 

2. 1 have beet managing cfcoicai trials of OicoVaxF™ prostte cancer reoca* **ich 
xs i B W i n b a mt hanan prostate specific tstagm (xfiPSA) fbrrateBd in li posome s with Sped A as 
adjuvant IJpirf AistpiTfenrt edp^^ 

hrranunrty in eraral and production of c y to t o xi c T aelh <CTL) in pmlkuhr. ta opposed to alura 
which anhinma die antibody response. 

3. W« conduct od fcur afancd Phaae VH trkb with 4 or S potoccto in each trial. In the 
first two trials eligible patients had smycally incurable and honnortt-fcsigtanr prostate cancer as 



do«M7 



wdl as intact uim s une responses as measured by atnhtv to respond to rrctil an&gnx. Patients 
were gtvwl ml of the vaccine containing 100 «rhPH5 and 200 ygSpid A. In the 3m trial, the 
vaccine wis administered intrannisculariy ia two divided doses on two extremities with intact 
regional tYmnh nodes every 30 days tsrwe 3. In this trial, ooe patient stowed skirt test fwrirmty 
to PSA with a diameter of erytherea of IS nm, sod a dimeter of induration of 10 mm (when 
disnetets of more than S mm are considered positive responses^ 

4. In the second trial, the me dosage and regjxnen was used ©toepc thai an 
mtrsvciiota ruutc was employed. Aguv one of five patients showed reactivity to & skin test with 
PSA with a diameter of erythema of 10 ran. 



5. In a cftird trad, the adjuvant GM-CSF was added to the protocol and the 1 
was administered with the seme protoool mliaiuuecuiariy. In this test, afl^ patients showed skin 



test reactivity to PSA with a mean (Sameter of erythema of 37 mm. One patient had an erythema 
diameter of 70x50 

6. In the fimrth triaft, |islii iifi were treated with c- y ^^ophofphsinul^ to dfaxniBsh 
aupprenor cell activity and the vaccine was administered mxracutmeoualy with the addition of 
BacHha Ccdnt8e<h*rtn (BCG) at the rite of vacciae adliauiMiatiuii In this trial 4 of the S 
patients showed a skin response to PSA wtth a meen cfisrecter of erythema of 1 7 ran and a mem 
uulm Alice diameter of 9 mv 

7. The data tre shown in detaS on attached Exhttz B. Theae results show that 
adtnslstradon of OncoVaxJ^*** Is juooesfid in eliciting a ceQutir rmpiiiim in these patients, 
especially in the preaencc of & AHtoHft ddpnvnL 

I hereby declare that all statements made hereto of my own towtedge are tive ari 
ffafenwitita msdc on uifbi mason and be&ef are befieved to by oust and fiifthar thai these 
AJt cm euu were made with the fa uw ie d g c that wi^fUie statement* and the lite aonwte an? 
pumbebie by fine or iiupti s uwot . or both, under Section IOOt ottWeUofthe United States 
Coda, and that such wQUbl Adas sui e m c us may jeopardise the vt&dfcy of the eppficarimt any 
patent issuing thereon, or any patent to which this verified swement is directed 

Executed « T>^^>*^ . Cattbnnaoa ^ August \997/bv 

LytmRftWcr.MD. ' " 
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1895 Mountain View Drive 
Tiburon, California 94920 

(415) 435-9861 
FAX (415)435-6851 

Social Security #366-38-1697 

1956-1959 
1959-1963 



Education: 

University of Michigan, Ann Arbor. Michigan 

University of Michigan Medical School 
Ann Arbor, Michigan 
M.D. (cum laudc) 



Training ; 



Intern 



Resident 



Fellow 



Immunology 
Trainee 



Highland Alameda County Hospital 
Oakland, California 

University of California 
School of Medicine 
San Francisco, California 

H.S. Lawrence. M.D. 

Department of Medicine • Immunology 

New York University 

New York, New York 

H. Hugh Fudenberg, MD. 
University of California 
School of Medicine 
San Francisc .California 



1963-1964 



1964-1966 



1966-1967 



1967-1969 



Teaching Appointments *nd Employmen t-- 



Instructor of Medicine in Residence 1970- 1 971 

University of CaJifomia 

School of Medicine 

San Francisco, California 94143 

Assisant Professor of Medicine in Residence 1 971 .present 

University of California 

School of Medicine 

San Francisco. California 94143 

Research Associate 1971-1978 
Cancer Research Institute 

University of California % 
School of Medicine 
San Francisco. CA 94143 

Director, Melanoma Center 1978-1990 
Northern California Health-Center 
San Francisco, California 941 18 

Director of Research 1978-1981 
Children's Hospital of San Francisco 
San Francisco, California 94118 ' 

Member, Graduate Group in Comparative Pathology 1976- 1981 

Department of Comparative Pathology 
University of California, Davis 
Davis. California 

Senior Vice President m 1981-1988 

XOMAXorporation 
2910 Seventh Street 
Berkeley. California 94710 

Associate Scientific Director 1988-1989 

RiotherapeuQcs, Inc 

3S7 Riverside Drive 

Franklin. Tennessee, 37065-167$ 
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Director 

Northern California Melanoma Centers 
1895 Mountain View Drive 
Tiburon, California 94920 

President 

Jenner Technologies 

1895 Moountain View Drive 

Tiburon. California 94920 



l990-pre*«Qt 



1991- present 



Awards and Honors: 



Recipient: Demham Senior Fellowship 
California Dlv. of the American Cancer Society 

Recipient: Research Career Development Award 
National Institutes of Health 

Alpha Omega Alpha (Junior year) 

Outstanding Young Women of America 

Who's Who of American Women 

Who's Who in the West 



1969=19?! 
1971-1976 

1961 
1968 
1972 
1973 



Board Certification; 

American Board of Internal Medicine 1972 
American Board of Allergy and Immunology m 1974 



Licensures 

Michigan 25985 

New York 96454 

Calif rnia C-26446 
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Pawn** 



American Association of Immunologisti 

American Association for the Advancement of Science 

Alpha Epsilon lota 

Western Society for Clinical Research 
American Federation of Clinical Research 
Society of Biological Therapy 
American Association for Cancer Research 



Patent #4,489,810 for "Composition and Method for Transplancadon Therapy 
Patent #4,590,071 for "Human Melanoma Specific Immunotoxins" 

PUBLIC SERVICE 



National Review C 



Allergy and Immunology Research Committee, NIAID, NTH 

Merit Review Board in Immunology, VA, Washington, D.C 
(Chairman 1979-1980) 



1976-19S0 
1976-1980 



The Journal of Immunology 

The International Journal of Immunopharmacology 

ImmunologU Clinic* e Sperimencalc 

Antibody Immunoconjugaces and Radiopharmaceuticals 

(Associate Editor) 

Molecular Biotherapy 

Cancer Biotfeerapy ' 



1973-1978 
1979-1984 
1982-1986 

1987-prcsent 
1987- present 
1991-present 



Vfaijy^pf Review* 



American Review of Respiratory Disease 

Annals of Allergy 

Annals of Internal Medicine 

Archives of Dermatology 

Archives of Internal Medicine 

California. Medicine 

Cancer 

Cancer Immunology and Immunopathology 
Cancer Research 
Cellular Immunology 
Chest 

Infection and Immunity 

Infectious Disease and Immunology 

International Journal of Immunopharmacology 

Journal of Clinical Investigation 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of the American Academy of Dermatology 

Molecular opotherapy 

Nature 

New England Journal of Medicine 
Science 

The Western Journal of Medicine 



Special Co rjf"'^aE 

National Institutes of Health Grant Reviews 

National Institutes of Health Site Visits. 

Uniaed States Tuberculosis Panel Task Group 

Atomic Energy Commission Site visits 

Public Education Panel, National Multiple Sclerosis Society 

Review of Grant Applications for the National Science Foundation 

Enterprise for HIgb School Students, Medical Apprenticeship Program, 

San Francisco, California 
Board of Directors, San Francisco Unit, American Cancer Society 
Research and Human Experimentation Com mittee, Children's Hospital 

f San Francisco 
U.S. Energy Research Development Adminisvation Sins visits 
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Clinical Trial #2 - Intravenous Immunization of Patients with Prostate Cancer with 
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Clinical Trial #3 -Immunization of Patients with Prostate Cancer with OncoVax-P™ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the application of: 

Lynn E. Spitler et al. 
Serial No.: 08/288,057 
Filing Date: 1 0 August 1 994 
For PROSTATIC CANCER VACCINE 



Examiner; P. Gambel 
Group Art Unit 1816 



DECLARATION OF GARY R. MATYA5, PHJX 
PURSUANT TO 37 CFJI § 1.132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: * 

1, Gary R. Maty as, declare as follows: 

1 . I am engaged in medical research at the Walter Reed Army Institute of Research 
(WAIR) and have been active in studying cellular immune responses for Z- years. A oopy of 
my curriculum vitae is attached hereto as Exhibit A- 

2. Under my supervision, studies were performed using Balb/C mice. In order to 
generate cytotoxic T lymphocytes (CTL) in response to recombinant human prostate specific 
antigen (rhPSA) we immunized two groups of six mice per group with OnooVaxP™ alone or 
with OncoVaxP™ mixed with aluminum hydroxide (alum, Alhydrogei, 200 (xg Al***), 
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OncoVaxP 7 * is a liposomal formulation of rhPSA with lipid A, md the PSA dose in this 
protocol was 5 fig rhPS A and 20 jig lipid A. The mice were immunized at week 0 and week 4 at 
these dosages and euthanized at 8 weeks. Hie spleens were removed and spleen cells harvested, 
pooled and incubated for 5 days either with medium alone or in medium containing 2 ng/ml 
rhPSA. 

3. Target cells were P81S mouse mastocytoma cells infected either with wild-type 
vaccinia virus or with vaccinia virus transacted with the PSA gene and the E. colt lacZ gene 
(PSAVoc, Therion Biologies Corp.) at a multiplicity of infection of 10. Alternatively, the P813 
cells were incubated with 10 fig/ml of the peptide CYASOWGSI which represents a potential 
CTL epitope at positions 153-161 of PSA. 

4 . After incubation for 1 6 hours with vaccinia viruses or peptide, the target cells 
were labeled with Cr" (0,1 nCi/10 6 cells) for 1 hour). 

5. The effector cells harvested from the moue spleens were plated in 96»well 
u-bottom plates and the Cr 51 labeled target 815 cells were added at various effectortarget ratios. 
The plates were centrifbged at 50xg for 5 minutes and then incubated at 37°C for 5 hours. The 
radioactivity present in the supernatant (indicative of cytotoxic activity of the effector cells) was 
harvested using Skatron wioks and quantified using a gamma counter. 

6. The attached Exhibit B shows the results. As shown, spleen cells from mice 
injected with either OncoVaxP™ or OncoVaxP™ with alum were able to lyse target cells that 
bad been transacted with the vaccinia virus (Panels A and B). OnooVaxP™ injected mice in the 
absence of alum (panel E) were effective in ly sing the targets labeled with peptide, although 
when alum was included in the formulation, the resulting spleen colls were less able to do so 
(panel F). P815 target cells unlabeled with either peptide or vaccinia-produced PSA were not 
lysed (panels C, D, G, and H). 

7. These results demonstrate that immunization of mice with OncoVaxP™ induces 
lymphocytes which loll tumor cells presenting PSA antigens, indicating an antitumor response. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements tnd the like so made are 

2 Serial No. 0a/2SS,037. 
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punishable by fine or imprisonment, or bod), under Section 1 001 of Title 1 8 of the United Suites 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 
Executed at Washington, D.C. on 3<g August 1997, by 




GaryR. 
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CURRICULUM VTTAE 



Gary R. Matyas 



Office: 

Depirtment of Membrane Biochemistry 
Walter Reed Army Institute of Research 
Washington DC 20307-5100 
(202) 782-0875 



Home: 

18415 Snowbeny Way 
Olney, MD 20832 
(301) 570-0610 



CAREER AIMS: Research/management of membrane biochemistry laboratory with 

ejnphisis on.Uposome based vaccineSi lipid mediators, and Hpid changes 
during cell growth. 



PERSONAL: 
EDUCATION: 
Graduate 

Undergraduate 



Born April 30, 1956 in Berwick, PA; married, one child 



Purdue University, West Lafayette, IN 47907 

Ph.D. degree; May 1985; Department of Biological Sciences 

Major Professor: D. James Moire* 

Pennsylvania State University, University Park, PA 16802 
B.S. degree; May 1978; Major - Biophysics 



EXPERIENCE.: 
Research 



Research Chemist 

Department of Membrane Biochemistry 
Division of Biochemistry 
Walter Reed Army Institute of Research 
Washington DC 20307 
September 1988 to present 
Supervisor Dr. Carl R. Alving 

Projects: 

I. Development of active site monoclonal antibodies to cobra venom 
pbospholipase A,: Inhibitors of enzyme activity 
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Curricolum Vltae (continued) 



WRAIR Projects (cont): 
II Mechanism of concanivalin A induced killing of mice and 
cultured cell* 

II Incorporation of bioactive lipids into liposome*: Effect on 
immune response to liposome yncapsulstfti antigens 

IV Development of monoclonal antibodies to sphingosine and 
sphingolipids 

V Development of a liposomal vaccine against ridn intoxication 

VI In collaboration with leaner Technologies, development, 
manufacture and testing of liposomal based cancer vaccine in 
human clinical trials 

VII Development of a liposomal vaccine protects against Ebola vims 
infection through the induction of cytotoxic lymphocytes. 

Additional Duties: 
L Division of Biochemistry Safety Officer, Division 

representative to WRAIR safety council; Responsibilities 
include: Monthly safety inspections of division laboratories; 
Conducting training on safety concerns; Maintaining division 
training records. 

n. Terminal Security Officer for the Department of Membrane 
Biochemistry; Duties include: Maintaining security on 
computer equipment in the department; Procuring of IBM 
compatible equipment and software. 



Staff FeOow 

Membrane Biochemistry Section 

Laboratory of Molecular and Cellular Neurobiology/Dcvelopmental 

and Metabolic Neurology Branch 
National Institute of Neurological, Communicative Disorders and 
Stroke 

National Institutes of Health 
Bethesda v MD 20892 
April 1985 to September 1988 
Supervisor Dr. Peter Fishman 

Projects: 

I. Gtycolipid alterations induced by transfection of NKOT3 cells 

with oncogenes, 
n. Alterations of glycolipids during cell growth. 
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NIH project! (cont) 
H Production of glycolipid crosstiiuang reagents for the study of the 
involvement of glycolipids in cell adhesion and cell 
growth. 

IV. The role of ras oncogenes in phospholipid C mediated 
phosphoinositide hydrolysis. 



Graduate Assistant 

Department of Biological Sciences 
Purdue University 
WestLefiyette,IN 47907 
August 1978 to April 1985 
Supervisor: Dr. D. James Morre* 

Projects: 

I- Interaction of flbronectin with gangliosides. 
II Subcellular distribution and biosynthesis of gangliosides in rat 
liver. 

III. Loss of fibronectin and complex gangliosides in metastatic rat 
tumors. 

IV. Elevated levels of serum gangliosides as a means of early 
detection of cancer. 

V. Cytochemical localization of gH/cosyttraiuferasei. 

Research Assistant 

Department of Biochemistry and Biophysics 
Pennsylvania State University 
University Park, PA 16802 
September 1977 to May 1988 
Supervisor Dr. Wallace Snipes 

Project: 

I. Inactivation of lipid<ontaining viruses through physical 
perturbation of membranes. 
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Teaching Instructor 

Introductory Microbiology Laboratory 
Department of Biological Sciences 
Purdue University 
West Lafayette, IN 47907 
January 1981 to May 1981 
Supervisor Dr; David Filmer 



Teaching Assistant 

Introductory Microbiology Laboratory 
Department of Biological Sciences 
Purdue University 
West Lafayette, IN 47907 

August 1979 to May 1980, August 1978 to May 1979 
Supervisors: Dr. Allen Konopkt and Dr. David Filmer 



AWARDS: 

Special Purdue Fellowship 

Purdue University 

West Lafayette, IN 47907 

August 1980 to December 1980; $2,000 

Marion County Cancer Society (Little Red Door) Fellowship 
1801 North Meridian Street, Indianapolis, IN 46202 
"A New SerodiagDostic Parameter for Early Detection of Cancer 
That Msy Distinguish Localized and Disseminated Disease* 
January 1982 to December 1982; $12,498 



Milheim Foundation for Cancer Research 
Colorado National Bank 
Seventeenth Street at Champa 
Denver, CO 80202 
"The Biochemical Basis for Metastasis" 
July 1982 to June 1983; $1 1,421 
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David Ron Fellowship 
Purdue University 
WestLanyette,lN 47907 

"Protein Kinase Modulations as Early Events of Tumorigenic 
Progression* 

August 1983 to Jury 1985; 513,200 



MEMBERSHIPS: 

American Association for the Advancement of Science 
1978 to present 

American Society for Biochemistry and Molecular Biology 
1987 to present . 

American Society of Microbiology 
1996 to present 
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Induction of Antitumor Response in Mice by Prostate Cancer Vaccine 

Gary Maiyas. PhD, Mangala Rao, PhD, Jean Muderhwa, PhD ? and Carl AIving^MD, Walter 
Reed Army Institute of Research, Washington, DC 

We report that immunization of mice with OncoVax-P™ prostate cancer vaccine induces 
cyluiuxic T- lymphocytes which have tlic capability of killing tumor cells presenting PSA 
antigens. 

Two groups of Balb/c mice (6 mice/group) were immunized with OncoVax-P™. One group 
was immunized with OncoVax-P™ alone and the other group received OncoVax-P™ mixed 
with .aluminum hydroxide -(alum, Alhydxogel) (2G0 j*g- AT**). OncoVax-P™ is a liposomal 
formulation of prostate specific antigen (PSA) with lipid A, as an adjuvant The PSA dose 
was 5 jig PSA and 20 ^g of lipid A. The mice were immunized at week 0 and 4 weeks after 
the boost. Three animals per group were euthanized 4 weeks after the boost and the spleens 
were removed for CTL assay. The cells from each group of spleens were pooled and 
incubated 5 days with media alone or 2 ug/ml human PSA. Target PS IS cells (pause 
mastocytoma) were infected with either wild type vaccinia vims (WTvac) or with vaccinia 
virus transfected with PSA gene and the £. coll lac Z gene (PSA vac, Therion Biologies 
Corporation) at an multiplicity of infection of 10. P815 cells were incubated with 10 jig/ml 
of peptide, CYASGWGSI, which represents a potential murine CTL epitope for PSA. It was 
identified using the University of Wisconsin Genetics Computer Group sequence analysis 
finding pasterns computer program. This program was used to compare the amino acid 
sequence of PSA with the known murine CTL anchor sequences. CYASGWGSI is located at 
amino acid positions 128-137 of PSA. The P815 targets were incubated for 16 hours with 
vaccinia viruses or peptide. The targets cells were then labeled with Cr* 1 (0.1 nCi/10 6 cells) 
for one hour. Effector cells were harvested and plated in 96 well U bottom plates. Cr 51 
labeled targets were added at various effector:target ratios. Following centrifiigation at 
approximately 50 X g for 5 min, the plates were incubated at 37*C for 5 nr. The 
radioactivity present in the supernatant was harvested using Skatron wicks and the 
radioactivity was quantified using a gamma counter. 



As shown in the attached figure, murine CTL which specifically lysed PSAvac infected 
targets (A & J3) and targets incubated with peptide (E) were obtained. Approximately, 47% 
cell lysis was obtained using PSAvac targets. WTvac targets were not lysed (C & D) ? 
indicating the CTLs were specific for PSA epitopes. Addition of alum to the vaccine had no 
effect on the generation of CTL "which lysed PSAvac targets (A & B) but it inhibited the 
induction of CTLs to tumor cells pulsed with peptide. 

These results indicate that immunization of mice with the prostate cancer vaccine induces 
lymphocytes capable of specifically killing tumor cells presenting PSA antigens indicating an 
antitumor response. 
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PURSUANT TO 37 CF.R § 1.132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I, Lynn E. Spitler, declare as follows: 

1 . I am a coinventor of the subject matter in the above-referenced application and 
have been a practicing immunologist for many years. My curriculum vitae is of record in this 
application. 

2. I have been and am directing the clinical trials of OncoVaxP™, an immunological 
preparation for effecting an antitumor effect with regard to prostate cancer. OncoVaxP™ 
contains recombinant human prostate-specific antigen (rhPSA) formulated into compositions 
which are designed to behave as adjuvants. In a previous Declaration, executed 26 August 1997, 
I described the results of four clinical trials which showed promising results for the rhPSA as 
antigen. Exhibit B to my previously submitted Declaration summarized these results. 
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3. We have conducted an additional, fifth clinical trial in which the rhPSA was 
prepared in a liposomal formulation which was then emulsified with mineral oil. A group of 5 
patients was treated in this study. They had undergone previous treatment for prostate-derived 
tumors. The attached Exhibit A contains a summary of the particulars relating to these patients. 
In 3 of the 5 patients the tumor had metastasized to the bone. The OncoVaxP™ vaccine was 
administered over the period of August 1997 to November 1997 or September 1997 to December 
1997 as shown. 

4. As in the previous four trials, several measures of immune response were 
obtained: skin test reactivity to PSA, production of IgG antibodies, and, most important, 
proliferation of lymphocytes in response to PSA. As shown in Chart 3 as part of Exhibit A, the 5 
patients uniformly gave a dramatic response to OncoVaxP™ in the form of lymphocyte 
proliferation in response to PSA — a resuit associated with the cellular immune system. In all 
cases, lymphocyte proliferation in response to PSA was dramatically improved after the 
vaccination protocol. k 

5. These results are highly indicative of an antitumor effect. The relationship 
between cell-mediated immunity and control of tumor growth is well documented. Cell- 
mediated immunity can be measured either by delayed type hypersensitivity (DTH) skin testing 
or by lymphocyte proliferation responses to the vaccine antigen. These are simply alternative 
assays for a cellular response. I have attached several examples of this documentation as 
Exhibits B, C, D and E. 

6. In Exhibit B, a paper by Barth, A. et al Cancer Research ( 1 994) 54:3342-3345, 
discloses that melanoma patients were administered a polyvalent melanoma cell vaccine. The 
authors noted that overall survival was significantly prolonged in patients with positive DTH 
reaction and/or an increased cytotoxic T cell activity, For example, Figure 2 in Exhibit B shows 
a comparison of survival times of patients with DTH > 6 mm compared to patients DTH < 6 mm. 
As shown, the survival time of the responders was dramatically increased (p=0.0054). The 
median survival was 52 months in the DTH-positive group as compared to 22 months in the 
DTH-negative group. 

7. As shown in Exhibit C, an abstract of an article by Bystryn, J.C. et al. Cancer 

( 1 992) 69: 1 1 57- 1 1 64, the purpose of this study was to determine whether there was a 

relationship between induction of DTH in response to vaccination with a melanoma vaccine and 
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disease recurrence. Melanoma patients were administered a partially purified polyvalent 
melanoma antigen vaccine. The median disease-free survival of patients was correlated with 
their response to DTK A statistically significant relationship was found. The median disease- 
free survival of patients with a strong DTH response was 4.7 years longer than that of those who 
did not respond. 

8. In Exhibit D, an abstract of a paper by Berd, D. et al J Clin Oncol (1997) 
15:2359-2370, melanoma patients were administered autologous whole cells modified with the 
hapten dinitrophenyl (DNP). The authors noted that the development of a positive DTH 
response to the autologous melanoma cells which were unmodified with DNP was correlated 
with a significantly longer five-year survival. 

9. Finally, Exhibit E is an abstract of an article by McCune, C.S. et al Cancer 
Immunol immundther (1 990) 32:62-66. Patients with metastatic renal cell carcinoma were 
vaccinated with autologous tumor cells and skin-tested for an immunological response. The 
authors concludes that the survival times of the skin-test-positive group were significantly 
superior to those of the skin-test-negative group. 

1 0. The articles cited are only four of many which show that a response by the 
cellular immune system to tumor-associated antigens is correlated with antitumor effect and 
clinical benefit as demonstrated by increased disease-free survival and/or survival time. 
Generally, it is recognized that this correlation is strong. Much of the difficulty in obtaining an 
immune response lies in the difficulty of assuring a uniform, potent composition to administer, a 
problem not encountered with rhPSA. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 
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Polyvalent Melanoma Cell Vaccine Induces Delayed-Type Hypersensitivity and 
in Vitro Cellular Immune Response 1 

Andreas Barth, Dave 5_._B. Hoon, Leland J. Foshag, J. Anne Nizze, Estela Famatiga, Edward Okun, and 
Donald L. Morton 2 

John Wayne Cancer Institute at Saint John's Hospital and Health Center. Santa Monica, California 90404 



Abstract 

Patients with melanoma metastatic to distant sites or at high risk for 
recurrent melanoma have been treated with a polyvalent melanoma cell 
vaccine (MCV) in phase II protocols. We assessed in vivo and in vitro 
cell-mediated responses to MCV in 163 patients who had undergone 
surgical resection of American Joint Committee on Cancer stage III 
melanoma. During the first 4 months of vaccine immunotherapy, 135 
patients (83%) responded by developing a positive delayed-type hyper- 
sensitivity reaction >6 mm to MCV. In a mixed lymphocyte tumor cell 
reaction using peripheral blood lymphocytes, 35 of 42 patients (83%) 
sh owed a recall pr oliferative response to one or more of the three cell lines 
of MCV. There was a significant correlation between delayed-type hyper- 
sensitivity reaction and mixed lymphocyte tumor cell reaction (P = 0.013). 
After 4 months of MCV therapy, 8 of 1 1 patients had an increased mixed 
lymphocyte tumor cell reaction to autologous melanoma cells. During the 
first 4 months of vaccine therapy, 16 of 33 patients developed more than 
a 50% increase in cytotoxic T-cell activity against one of the cell lines of 
MCV. Overall survival was significantly prolonged in patients with a 
positive delayed-type hypersensitivity reaction (P = 0.0054) and/or in- 
creased cytotoxic T-cell activity (P = 0.02). These findings suggest that 
MCV induces specific T-cell responses which are correlated with clinical 
course; the data also suggest that some of these responses are directed 
against autologous melanomas and may play a major role in controlling 
the progression of melanoma. 

Introduction 

Melanoma patients with regional soft tissue or lymph node metas- 
. tases (AJCC 3 stage III disease) have a high risk of recurrence and a 
10-year survival rate of 15-40%, depending on the extent of nodal 
involvement (1). In the absence of effective adjuvant chemotherapy 
protocols for melanoma, many investigators are attempting to induce 
or augment specific T-cell responses that may control disease pro- 
gression (2-8). Our recent phase II study showed that patients whose 
advanced melanoma was treated with repeated intradermal injections 
of polyvalent allogeneic MCV had a significantly prolonged overall 
survival compared to historic controls (5). The present report analyzes 
the magnitude of the T-ceil response to MCV in AJCC stage III 
melanoma patients. 

Materials and Methods _ 

Patients. We developed MCV in 1984 and initiated our phase II trial of 
MCV immunotherapy on September 25, 1984. In the present report, the study 
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population of 163 patients treated between January 1, 1985, and July 1, 1989. 
represented all patients who had undergone surgical resection of AJCC stage 
III melanoma, and were followed at least 3.5 years after beginning postoper- 
ative MCV immunotherapy. There were 99 males and 64 females; their median 
age was 41 years (range. 16-79). The majority (63%) of the primary lesions 
were on the head and neck or the trunk; the remaining 37% were on the 
extremities or of unknown primary site. Only 33% of the primaries were thin 
lesions (<l.5 mm). Before surgery. 21% of the patients had in-transit metas- 
tases and 79% had lymph node metastases (24% had 1 positive lymph node, 
30% had 2-4 positive nodes, and 25% had £5 positive nodes). All patients 
were clinically free of disease after surgery, as determined by physical exam- 
ination and radiographic imaging of brain, chest, abdomen, and pelvis. All had 
a life expectancy of more than 6 months and normal blood count, liver 
enzymes, and creatinine. None of the female patients was pregnant. No patient 
had received immuno-. chemo*. or radiation therapy within the past 30 days. 
Written consent for MCV immunotherapy was obtained from all patients, and 
the MCV protocol was approved by the Human Subjects Protection Commit- 
tees of the John Wayne Cancer Institute and Saint John's Hospital and Health 
Center, and the UCLA Jonsson Comprehensive Cancer Center. 

MCV Cell Lines and Preparation. MCV comprises three well -character- 
ized allogeneic melanoma cell lines (M10, M24. and MIOI). These cell lines 
were established in our laboratory and selected for their content of immuno- 
genic MAA (5). Their HLA class 1 types are as follows: MI0 (A24.33; 
B35J38). M24 (A 11.33; B35.62), and MIOI (A2,29; B44). Their surface 
expression of HLA-DR antigen is <2%. 

The preparation of MCV is described elsewhere (5). Briefly, cells from each 
line are grown in serum-free medium, harvested, and pooled (8 x 10 6 cells/ 
line; 24 x I0 6 total cells per vaccine treatment). Individual batches of MCV 
are analyzed for antigen expression and screened for infectious disease con- 
taminants. MCV is irradiated at 100-150 Gy and then cryopreserved. Imme- 
diately before administration, the vaccine is thawed and washed 3 times in 
sterile physiological phosphate-buffered saline. 

MCV Administration. MCV therapy was initiated within 3 months after 
surgical removal of regional lymph node or soft tissue disease (9), using a 
previously described protocol (5). The vaccine was injected intradermal ly in 
axillary and inguinal regions every 2 weeks x 3. and then monthly for a year. 
After 1 year the interval was increased to every 3 months x 4. and then every 
6 months. For the first two treatments MCV was mixed with the Tice strain of 
Bacillus Calmette-Guerin (Organon Teknika Corp., Durham, NC) (8 x I0 6 
organisms). Some patients received immunomodulators such as cimetidine 
(SmithKline. Philadelphia, PA), indomethacin (Lederle, Wayne, NJ), or cy- 
clophosphamide (Mead Johnson, Princeton. NJ) (5). Clinical and laboratory 
evaluations were performed at each vaccine administration; chest X-rays were 
repeated every 2 months for the first year and then with each vaccine admin- 
istration. 

DTH. Equal amounts of each MCV cell line were pooled to a total dose of 
2.4 x 1 0 6 cells and administered mtradermally at a remote site on the forearm. 
DTH was defined as the average diameter of induration after 48 h. A positive 
response was 26 mm of induration, independent of accompanying erythema. 
The greatest DTH during the first 4 months was used for survival analysis. 
Since autologous cell lines were not available during the first 16 weeks of 
MCV therapy, autologous DTH could not be performed. 

MLTR. Cryopreserved PBL from weeks 0, 4, and 16 of MCV immuno- 
therapy were available for testing from 42 AJCC stage III patients. These PBL 
were simultaneously thawed, washed and resuspended in A1M-V culture 



3342 



CELL-MEDIATED IMMUNE RESPONSE TO MELANOMA 



medium (GIBCO, Grand Island, NY) containing 10% human AB heat-inacti- 
vated scrum (Irvine Scientific, Santa Ana, CA), and stimulated at a 5:1 ratio 
(PBL:melanoma) with each, MCV line. In eight cases, a melanoma cell line 
developed from the patient's biopsy specimen was available for autologous 
MLTR (10). Autologous MLTR was also performed by using melanoma cell 
lines developed from biopsy specimens of three additional patients receiving 
MCV after surgical resection of distant metastases (AJCC stage IV disease). 

The MLTR assay was performed as described elsewhere (11). Briefly, PBL 
were cocultured in triplicate 96-weil microplates containing 200 /xl of culture 
medium supplemented with 20 units/ml of recombinant interleukin 2 (Cetus, 
Emeryville, CA). Cells were then incubated for 6 days at 37°C Respective control 
cultures of PBL were assayed in medium alone and with PHA (Burroughs- 
Wellcome, Triangle Park, NQ at a suboptimal concentration of 0.1 jig/ml. During 
the last 18 h of the 6-day assay, ceils were pulsed with [ 3 H]thymidine (New 
England Nuclear, Boston, MA) and harvested. Data were analyzed as mean cpm 
for triplicate measurements (SD < 15%) at each time point 

Correlation of MLTR with DTH. Since DTH represents a combined 
reaction against all three MCV cell lines, MLTR responses to each line were 
combined to create a MLTR index. To determine this index, the cpm of each 
cell line at week 0, 4, or 16 was divided by its cpm at week 0. The MLTR index 
for a specific week was the sum of these values; thus, the MLTR index was 
always 3 at week 0. The correlation between DTH and MLTR index was 
determined by li near regression analysis. 

Cytotoxic f -Cells. Cryopreserved PBL obtained before treatment (week 0) 
and after 4 and 16 weeks of MCV therapy were simultaneously thawed, 
washed, and grown for 4 days in AIM-V culture medium containing 10% 
human AB heat-inactivated serum, 10 units/mi interleukin 2, and 0.1 fig/ml 
PHA. CTL-mediated lysis of MCV cell lines was assessed in a standard 4-h 
5l Cr-release assay using three effectortumor target cell ratios (11). Results 
were expressed in LU according to the formula described by Pross and Maroun 
(12). One lytic unit was defined as the number of effector cells required to lyse 
33% (LU U ) of 5 X 10 3 target cells. CTL assays were performed early during 
MCV treatment, without further knowledge of the patient's clinical status. 
Analysis of representative stimulated lymphocyte subpopulations by flow 
cytometry with specific T-cell monoclonal antibodies revealed 88% CD3 + 
and 50% CD8+. 

Survival Analysis. The overall survival curves were estimated by the 
Kaplan-Meier method. The log-rank test was used to determine survival 
differences among patient subgroups defined by DTH or cytotoxicity. AU tests 
were two-sided. Survival time was defined as the interval between the initia- 
tion of MCV therapy and the patient's death. 

Results 

DTH. The mean DTH of the 163 patients increased significantly 
from a base line of 3.2 ± 0.4 mm (mean ± SEM) pretreatment to a 
maximum of 13.5 ± 1.1 mm at week 4 (P < 0.01), and dropped 
slightly to about 10 ram for the following 3 months. One hundred 
thirty-five patients (83%) had a maximum DTH > 6 mm within 4 
months of beginning MCV therapy, while the remaining 28 patients 
(17%) exhibited no DTH response to MCV(<6 mm). Maximum DTH 
was 15.3 ± 1.2 mm for responders (week 4; Fig. L4) and 3.6 ± 1.1 
mm for nonresponders (weeF16; Fig. 13). The distribution of positive 
lymph nodes was similar between the two groups (P = 0.8), as was 
the thickness of the primary lesion. After a median follow-up of 60 
months (range, 43-93), patients with a positive DTH had a median 
overall survival of 52 months, compared to only 22 months in patients 
with no DTH response (P = 0.0054) (Fig. 2). Patients with a 
DTH ^ 6 mm and involvement of 1, 2-4, or ^5 nodes had 5-year 
survival rates of 59, 46, and 34%, respectively. 

Autologous MLTR. Autologous tumor cell lines were available 
for 11 patients. Week 16 was selected as the evaluation point based 
upon the number of vaccinations (n = 5) and the plateau phase for 
DTH. After 16 weeks of active specific immunotherapy with MCV, 5 
of the 11 patients demonstrated more than a 3-fold increase in pro- 
liferative response to their own melan ma (Fig. 3); three other patients 
showed more than a 1.5-fold increase. Of the three remaining patients 




4 8 12 

Weeks on MCV 




12 16 



Weeks on MCV 



Fig. 1. In vivo and in vitro T-cell responses to MCV. , DTH (mean * SEM); , 

MLTR index. A, DTH of 135 patients with a maximum DTH a 6 mm and MLTR index 
of 35 responders. 8, DTH of 28 patients with maximum DTH < 6 mm and MLTR index 
of 7 nonresponders. Maximum MLTR wis 7.8 for responders and 3.3 for nonresponders. 
The magnitude of the response was independent of the number of positive lymph nodes 
{P - OS). 
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Fig. 2. Overall survival of 163 AJCC stage HI melanoma patients undergoing MCV 
adjuvant immunotherapy initiated within 3 months after surgical removal of regional 
lymph nodes or soft-tissue disease. After a median follow-up of 60 months, the 135 

patients with a DTH 2 6 mm ( ) had a significantly longer overall survival than the 

28 patients with DTH < 6 mm ( ): median, 52 versus 22 months (P = 0.0054). 



with no increase, two had AJCC stage IV melanoma. The eight 
patients with an enhanced response also showed increased reactivity 
to at least one of the cell lines of MCV. The overall MLTR response 
of the 11 patients was 28,100 ± 8,500 cpm at week 0, significantly 
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increasing to 50,000 r 1 2,600 cpm at weetc 16 (P < 0.01). Stimulation 
of PBL with interleukin 2 alone (20 units/ml) produced a response in 
the 11 patients of 27,300 i 8,200" cpm at week 0, and 
32,700 ± 10,100 cpm at week 16. Similarly, stimulation with PHA 
alone (0.1 jug/ml) produced a response in the 11 patients of 
142,500 i 44,900 cpm at week 0, and 165,700 ± 52,400 cpm at week 
16. Responses produced by stimulating PBL with either PHA alone or 
interleukin 2 alone failed to reach statistical significance between 
weeks 0 and 16. 

Correlation between DTH and MLTR. PBL from weeks 0, 4, 
and 16 were available for 42 of the 163 patients. In 35 of 42 patients 
(83%), MLTR demonstrated a recall proliferative T-cell response to 
one or more of the three cell lines of MCV The MLTR index of the 
35 responders peaked at week 4 and then decreased slightly to a 
plateau (Fig. 1A); the 7 nonresponders demonstrated no change in 
MLTR index during the observed period (Fig. IB). Linear regression 
analysis of data for the 42 patients confirmed a significant correlation 
(P = 0.013) between DTH and MLTR index at weeks 4 and 16. 

Cytotoxic T-Cells. During the first 16 weeks, CTL-mediated lysis 
of one or more MCV cell lines increased in 16 of 33 patients by more 
than 50% above pre-MCV values, to at least 5 LU 33 /10 6 effector cells 
(range, 5-51). CTL activity was HLA class I restricted, as demon- 

<;fratpH_hv hlnrWno .u/irh „U/A/_1'> ./onti.ULA. /'_l'>ec O «,/>«/>^l,>« 
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body, using respective controls. Individual patients showed no signif- 
icant changes (weeks 0-16) in natural killer-type activity (K562 cell 
killing). Fourteen of the 16 responders (88%) shared HLA-A alleles 
with MCV cell lines (13). Responders demonstrated a significant 
increase in cytotoxicity against HLA-A-matched targets from week 0 
to weeks 4 and 16 (P < 0.01), whereas cytotoxicity of nonresponders 
against HLA-A-matched targets decreased slightly (Fig. 4). As dem- 
onstrated in our earlier studies (10, 11), a parallel increase in cyto- 
toxicity against HLA-A-matched melanoma and autologous mela- 
noma cells could be observed (Fig. 5). The overall survival of patients 
who had an increase in CTL activity after MCV treatment was 
significantly longer than that of nonresponders (P = 0.02), in spite of 
an approximately equal balance of prognostic factors (Fig. 6). 

Discussion 

This brief report describes the induction and prognostic signifi- 
cance of in vivo and in vitro T-cell immunity in AJCC stage III 
melanoma patients receiving adjuvant MCV immunotherapy. Of 163 
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Rg. 3. Autologous MLTR (mean = SD) of I t patients from whose tumor a cell line 
was established. Results are expressed as ratios (mean cpm week 16/mean cpm week 0). 
By week 16 of MCV therapy, the recall proliferative response to autologous tumor 
had increased more than 3-fold in five patients and more than 1.5-fold in three patients. 
V AJCC stage IV melanoma patient. 
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Fig. 4. Cytotoxicity of PBL (mean r SEM) from responders (■. n = 1 4) and 
nonresponders n = U) against allogeneic HLA-A-matched melanoma targets. Re- 
sponders demonstrated a significant increase in cytotoxicity against HLA-A~maiched 
melanoma from week 0 to weeks 4 and 16 (P < 0.01), whereas cytotoxicity of non- 
responders against HLA-A-matched targets decreased slightly. 
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Fig. 5. Cytotoxicity of PBL (A24, 32; B7, 44) against autologous melanoma, allogeneic 
HLA-A-matcbed melanoma (M10), and K561 From week 0(0) to week 4 (■) there was a 
parallel increase is cytotoxicity against allogeneic KLA-A-matched and autologous mela- 
noma; there was no change in cytotoxicity against -K562. 



patients, 135 (83%) developed a DTH > 6 mm following vaccine 
treatment. A similar degree of sensitization was demonstrated by 
MLTR mi vitro. Positive DTH to MCV correlated with improved 
survival; by contrast, in a separate study of 148 AJCC stage IV 
melanoma patients (14) we were unable to demonstrate a correlation 
between survival and DTH to common recall antigens (mumps. Can- 
dida albicans, and purified protein derivative). A significant associ- 
ation between survival and DTH to a tumor vaccine has also been 
reported by Berd et aL (7) and Bystryn et ai (6) for high-risk 
melanoma patients, and by McCune et ai (15) for patients receiving 
active specific immunotherapy against metastatic renal cancer. Blo- 
emena et ai (16) recently noted a positive correlation between DTH 
and in vitro proliferative T-cell responses to a mixture of colon 
tumor-associated antigens. These studies suggest that strong DTH 
responses during cancer vaccine therapy indicate successful activation 
of cell-mediated immunity. 

MCV may augment T-cell responses in several ways. The enhanced 
T-cell response to autologous melanoma cells after MCV immuno- 
therapy may result from direct recognition by host T-cells of MAA 
presented by shared or cross-reactive HLA molecules on MCV tines, 
as demonstrated in vitro (10, 13). Alternatively, activation may occur 
through antigen processing and presentation of MCV's MAA to host 
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Relationship between immune response to melanoma vaccine 
immunization and clinical outcome in stage II malignant 
melanoma. 

Bystryn JC, Oratz R, Roses D, Harris M, Henn M, Lew R 

Department of Dermatology, New York University School of Medicine, NY 10016. 

The authors investigated whether there was a relationship between the induction of a delayed-type 
hypersensitivity (DTH) response to melanoma vaccine immunization and disease recurrence. They 
studied prospectively 94 evaluable patients with surgically resected Stage II malignant melanoma who 
were immunized to a partially purified, polyvalent, melanoma antigen vaccine. The DTH response .to 
skin tests to the vaccine was measured before treatment and at the fourth vaccine immunization. 
Vaccine treatment induced a strong DTH response in 29 (31%) patients, an intermediate response in 
24 (25%), and no response in 41 (44%). The median disease-free survival (DFS) of patients with a 
strong, intermediate, and no DTH response to vaccine immunization was more than 72 months, 24 
months, and 15 months, respectively. The relationship between an increase in the DTH response and a 
prolonged DFS was statistically significant (P = 0.02); clinically meaningful (the median DFS of 
patients with a strong DTH response was 4.7 years longer than that of nonresponders); and, by 
multivariate analysis, independent of disease severity or overall immune competence. These findings 
suggest, but do not prove, that vaccine treatment can slow the progression of melanoma in some 
patients. 
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J Clin Oncol 1997 Jun;15(6):2359-2370 

Autologous hapten-modified melanoma vaccine as postsurgical 
adjuvant treatment after resection of nodal metastases. 

Berd D, Maguire HC Jr, Schuchter LM, Hamilton R, Hauck WW, Sato T, Mastrangelo MJ 

Department of Medicine, Thomas Jefferson University, Philadelphia, PA 19107, USA. 
H_berd@lacjci.tju. edu 

PURPOSE: To determine whether treatment with an autologous whole-cell vaccine modified with the 
hapten dinitrophenyi (DNP vaccine) is an effective postsurgical adjuvant treatment for melanoma 
patients with clinically evident nodal metastases. PATIENTS AND METHODS: Eligible patients had 
regional nodal metastases that were large enough (> or = 3 cm diameter) to prepare vaccine. Following 
standard lymphadenectomy, patients were treated with DNP vaccine on a monthly or weekly schedule. 
RESULTS: Of 62 patients with metastasis in a single lymph node bed (stage III), 36 are alive after a 
median follow-up time of 55 months (range, 29 to 76); the projected 5-year relapse-free and overall 
survival rates are 45% and 58%, respectively. Of 15 patients with metastases in two nodal sites, five 
are alive with a median follow-up time of 73 months. An unexpected finding was the significantly 
better survival of older patients; the projected 5-year survival of patients greater than 50 versus < or = 
50 years was 71% and 47%, respectively (P = .01 1, log-rank test). The development of a positive 
delayed-type hypersensitivity (DTH) response to unmodified autologous melanoma cells was 
associated with significantly longer 5-year survival (71% v 49%; P = .031). Finally, the median survival 
time from date of first recurrence was significantly longer for patients whose subcutaneous recurrence 
exhibited an inflammatory response (> 19.4 v 5.9 months; P < .001). CONCLUSION: Postsurgical 
adjuvant therapy with autologous DNP-modified vaccine appears to produce survival rates that are 
markedly higher than have been reported with surgery alone. Moreover, this approach has some 
intriguing immunobiologic features that might provide insights into the human tumor-host relationship. 
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Renal cell carcinoma treated by vaccines for active specific 
immunotherapy: correlation of survival with skin testing by 
autologous tumor cells. 

McCune CS, O'Donnell RW, Marquis DM, Sahasrabudhe DM 

University of Rochester Cancer Center, University of Rochester School of Medicine and Dentistry, 
New York 14642. 

Eighteen patients with metastatic renal cell carcinoma, who were treated by vaccines for active specific 
immunotherapy, also completed skin testing with autologous tumor cells, both prior to and following 
vaccine treatment. All patients have now been followed for more than 5 years. Ten patients who 
remained skin-test-negative following treatment had no clinical responses, and all had expired by 22 
months. Eight patients became skin-test-positive; three of these had clinical regressions and three 
remain alive after more than 69 months. The survival times of the skin-test-positive group were 
significantly superior to those of the skin-test-negative group. The results suggest that skin testing with 
autologous tumor cells may accurately identify those patients who have acquired antigen-specific cell- 
mediated antitumor immunity. 
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Abstract Human prostate-specific antigen (PSA) has a 
highly restricted tissue distribution". Its expression is essen- 
tially limited to the epithelial cells of the .prostate gland. 
Moreover, it continues to be synthesized by prostate carci- 
noma cells. This makes PSA an attractive candidate for use 
as a target antigen in the immunotherapy of prostate cancer. 
As a first step in characterizing the specific immune 
response to PSA and its potential use as a tumor-rejection 
antigen, we have incorporated PSA into a well-established 
mouse tumor model. Line 1, a mouse lung carcinoma, and 
P815, a mouse mastocytoma, have been transfected with 
the cDNA for human PSA. Immunization with a PSA- 
expressing tumor cell line demonstrated a memory response 
to PSA which protected against subsequent challenge with 
PSA-expressing, but not wild-type, tumors. Tumor-infiltrat- 
ing lymphocytes could be isolated from PSA-expressing 
tumors grown in naive hosts and were specifically cytotoxic 
against a syngeneic cell line that expressed PSA. Immuni- 
zation with tumor cells resulted in the generation of primary 
and memory cytotoxic T lymphocytes (CTL) specific for 
PSA. The isolation of PSA-specific CTL clones from 
immunized animals further demonstrated that PSA can 
serve as a target antigen for antitumor CTL. The fmmuno- 
genicity studies carried out in this mouse tumor model 
provide a rationale for the design of methods to elicit PSA- 
specific cell-mediated immunity in humans. 
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Introduction 

Prostate cancer is the most frequently diagnosed malig 
nancy and is the second leading cause of cancer deatl 
among American men [4-6]. If the cancer is detected earl; 
and is localized within the prostatic capsule, it can be curec 
by surgery [8]. However, the prognosis is often poor i 
metastasis has already occurred at the time of diagnosis [6 
23]. The mainstay of therapy for metastatic prostate cance: 
is androgen ablation accomplished by either androgen 
antagonistic agents or castration [15]. Although androger 
withdrawal prolongs the period free of disease progression 
prostate tumor cells eventually become independent o 
androgen, resulting in a relapse [10, 22]. Chemotherap; 
specifically targeted to the androgen-independent prostate 
tumor cells, when combined with androgen ablation, has 
shown little success in a series of animal studies [13, 14. 
16], and there are currently no effective chemotherapeutic 
agents that can control the growth of androgen-independent 
prostate tumor cells in human [36]. 

Given the profound medical impact of prostate cance: 
and the lack of adequate therapies, there is a need tt 
develop new modalities of treatment Immunotherapy stra 
tegies designed to engender^ cellular immune response 
have recently received much attention and represent ; 
promising approach for the treatment of many cancer 
[24, 32], The benefit of this approach is that potent, long 
lasting immunity may be generated in the form of cytotoxic 
T cells (CTL) that will specifically lyse tumor cells. Such ; 
response could be effective even against metastatic cell: 
since T cells can circulate widely in humans. Nevertheless 
antigen-specific immunotherapy has been hampered by the 
difficulty in identifying antigens capable of inducing cell 
mediated immunity. Tumor-specific antigens would pre 
sumably have to be derived from proteins expressed only ir 
tumor cells or from mutated variants of normal proteins 
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These proteins are extremely rare and require laborious 
methods for their isolation, and in the case of mutant 
proteins may be different among individual cases. However, 
previous studies have shown that tyrosinase, a self-antigen 
in melanocytes, can be a target for anti-melanoma CTL [7], 
indicating that expression of a protein exclusively in tumor 
cells may not be a prerequisite for use as a tumor antigen. 
This may be especially true in cases such as prostate cancer 
in that the normal tissue from which the tumor is derived is 
non-essential and. therefore, may be safely ablated. This 
raises the possibility that prostate-specific antigen (PSA) 
might serve as a potential target antigen for prostate tumor 
immunotherapy. 

PSA, a chymotrypsin-like serine protease, has a highly 
restricted tissue distribution and is expressed in the epithe- 
lial cells of the prostate gland, the same cell type from 
which most prostate rumors arise (reviewed in [341). 
Indeed, PSA is widely used as a serum marker for prostate 
cancer [29]. Its expression is regulated by androgen, and it 
is present at extremely low levels in the circulation of adult 
men [30]. Most prostate tumors, even the poorly differen- 
tiated ones, continue to express PSA [41 j. This cell-iype- 
specific expression of PSA makes it a potential target 
antigen for antitumor CTL. As an initial step to examine 
the feasibility of eliciting a CTL response against PSA in 
humans, we established PSA-expressing mouse tumor cell 
lines, evaluated the immunogenicity of PSA expressed in 
the tumor cells in syngeneic mice, and analyzed the 
primary, memory and clonal CTL responses induced by 
PSA. 



Materials and methods 

Construction of PSA expression vector 

PSA cDNA was isolated via reverse transcriptase/polymerase chain 
reaction [19] as follows: mRNA was isolated from the human prostate 
cell line LNCaP and reverse-transcribed into cDNA. which then served 
as the template in a polymerase chain reaction using PSA-specific 
oligonucleotides as primers. The sequences of the primers were 

5' primer: 5 ' ATCG AGTC G ACG TC ACC ATGTGGGTCCCG3 ' . 

3' primer: 5 ' A CCTG A A GCTTTC A GGGGTTGGCCACGAT3 ' . 

The PGR product was then subcloned into the pBluescript vector 
(Su-aiagene. LaJolla. Calif.) through the Sail and Hindlll sites designed 
in the primers. Clones were isolated and analyzed by restriction 
mapping and DNA sequencing. PSA cDNA was then excised from 
the pBluescript vector and subcloned into pH^-Aprl-neo. a eukaryotic 
expression vector, at the Sad and HindlU sites (pH(*-PSA). 



Cell lines and PS A -ex pressing transfectams 

Line 1. a BALB/cByJ (H-2«) mouse lung carcinoma cell line (44). and 
P815. a DBA/2 (H-2<) mastocytoma cell line [251. were grown in 
Excell 300 medium (JRH Biologies. Lenexa. Kan.) supplemented wiih 
100 units/ml penicillin, 100 ng/ml streptomycin and 2% fetal bovine 
serum. Line I and line l/PSA cells were induced to express class I 
MHC by treatment with 3% dimethylsulfoxide (DMSO; Sigma, St. 
Louis, Mo.) for 5-20 days. To establish PS A -ex pressing cell lines. 
2x 105 cells were transfected with I \ig pH|J-PSA plasmid DNA using 
lipofectin (BRL, Gaithersburg. Md.). and G4I8 (Gibco. Grand Island. 
N.Y.) resistant cells were cloned by limiting dilution. Clones were 



expanded and screened for PSA production by a sandwich 
linked immunosorbent assay (ELISA). 



PSA ELISA 

To analyze the expression of PSA by the transfectams. l x|f> ce n s 
were plated and allowed to grow in 2 ml medium for 48 h before 
culture supcrnatants were harvested. PSA concentrations in the super- 
natants were then quantified by a sandwich ELISA using two mouse 
monoclonal antibodies, RLSD06 and RLSD09 (ATCC HB8527 and 
HB8525. Rockville. Md.). specific for human PSA. Then 96-well 
plates were coated with 0.1 ml RLSD06 (0.1 mg/ml in PBS) at 4 °C 
overnight, and washed three times with phosphate -buffered saline 
(PBSV0.2% Tween 20. Plates were then blocked with Blotto-Tween 
at 37 °C for I h. and washed three times; O.i-ml samples of twofold 
serially diluted culture supernatants and PSA standard (25 ng/ml. 
Hybritech. San Diego. Calif.) were then added to the plates and 
incubated at 37 °C for I h. After washing with PBS. 0.1 ml biotin- 
conjugated RLSD09 ( 10 ng/ml) was added and incubated for another 
1 h at 37 °C. Following washes with PBS. streptav id in -conjugated 
horseradish peroxidase ( 1 :500 in PBS. Jackson ImmunoResearch. West 
Grove, Pa.) was added. Plates were then washed and o-phenylenedia- 
mine (Sigma, St. Louis, Mo.) was added as the chromogen. The 
absorbance at 492 nm was determined using an ELISA reader. 



In vivo tumor growth 

Groups of 5 BALB/cByJ (BALB/c) mice (Jackson Laboratory. Bar 
Harbor. Me.) at 2-4 months of age were either used without immu- 
nization (unprimed) or primed twice at 10-day intervals with 5x10* 
irradiated P815/PSA or parental P815 cells i.p. and then, 10 days after 
boosting, challenged i.m. with 1 xIO* viable line 1 or line I/PSA cells. 
Tumor-bearing legs were measured twice a week with vernier calipers, 
and tumor size was calculated as the square root of two perpendicular 
diameters. Tumors were allowed to grow until the mean thigh diameter 
reached 15 mm. at which point the animals were sacrificed. Animals 
rejecting tumors were measured for at least 100 days following tumor 
challenge. A x l analysis was then used to determine the significance of 
difference in rumor incidence among experimental groups. 



Isolation of tumor- infiltrating lymphocytes 

Samples containing 2x 10* line I/PSA or parental line I cells in 50 uj 
were injected i.m. into the thighs of syngeneic BALB/c mice. Tumors 
were allowed to grow for 20 days before they were removed and 
dissociated with 10 ml 0.2% collagenase (Sigma. St. Louis. Mo.)/g 
tumor [issue at 37 °C for 75 min [35]. Thy I -expressing cells were 
enriched using sheep anti-frat-IgG) paramagnetic beads (Dynal. Great 
Neck, N.Y.) coupled to T24/40.7, a rat anti-(mousc-Thy I) monoclonal 
antibody, as desenbed [27, 43J. Tumor- infiltrating lymphocytes were 
cultured for 12-16 h in Excel! medium supplemented with 5% fetal 
bovine serum and 10% EL4 supernatant, and then used as effector cells 
in the cytotoxicity assay against target cells, gulture with EL4 
supernatant has been shown to have no effect on cytotoxicity (unpub- 
lished observations). 



Generation of PSA-specific CTL clones' 

Class ! high (DMSO-induced) and irradiated line I/PSA or line I cells 
( 1 x I0 7 cells/sample) were injected i.p. into BALB/c mice, which were 
reinjected after 2 weeks. Two weeks later, mice were sacrificed and 
(heir spleens removed. The dissociated splenocytes were resttmulated 
for S days in vitro and the cytotoxicity was assayed against line I and 
P8I5 cells that were either untransfected or transfected with pH(J-PSA. 
PSA-specific CTL clones were isolated from the bulk splenocyie 
cultures by limiting dilution as described (3). 
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Fig. 1 Expression of prostate-specific antigen (PSA) in transfected 
line 1 and P815 cells. Samples comprising I x I0 6 cells were plated in 
2 ml medium and allowed to grow for 48 h before the supernatants 
•.vrre c^'cc^r 1 Twofold seriaJly diluted culture supernatants (100 pi) 
from the parental or PSA-transfected line 1 and P8 15 ceiis and PSA 
standard (25 ng/mi at 1:1 dilution) were assayed by a sandwich 
. enzyme-linked immunosorbent assay using mAb RLSD06 and 
RLSD09 as described in Materials and methods. By comparison to 
the PSA standard, the absorbances (at 492 nm) were then convened to 
concentrations (ng/ml) 



51 Cr- re lease cytotoxicity assay 

Six-hour cytotoxicity assays against 5'Cr-labeied target cells (2000/ 
well) were performed at various effector- to-target ratios as previously 
described [26]. The percentage specific lysis was calculated as 
[(experimental release - spontaneous release) / (maximal release - 
spontaneous release)] x 100. Spontaneous release was never more than 
20% of the maximal release for any target. 



Results 

Generation of PSA-expressing line 1 and P815 
tumor cell lines 

In order to determine whether PSA can elicit specific T- 
cell-mediated immunity in mice, two different mouse tumor 
cell lines of the same haplotype that express PSA were 
established. The use of two unrelated, PSA-expressing cell 
lines allows us to elicit responses with one line and to test 
the effectors on the other in order to ensure that any 
cytotoxic response is PSA-specific. Line 1 lung carcinoma 
and P815 mastocytoma cells (H-2 d ) were transfected with 
the pH()-Aprl-neo expression vector harboring the human 
PSA cDNA, and G418 resistant cells were cloned by 
limiting dilution. The expression of PSA in the isolated 
clones was analyzed by determining the PSA concentra- 
tions in the culture supernatants by ELISA. By comparison 
to the PSA standard, it has been shown that both the 
isolated PSA-transfected line 1 and P815 clones, but not 
the parental lines, were actively synthesizing and secreting 
PSA equivalent to about 150 ng/10 6 cells and 500 ng/10 6 
cells respectively in a 48-h period (Fig. 1). The levels of 
PSA expression in these cell lines are comparable to what 
has been observed in the dihydrotestosterone-induced 
human prostate cell line LNCaP [11,21], and are somewhat 
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Fig. 2a -L H*Tiw* of utr.sfectics expression of PSA on class I 
expression. (A) Line 1 and (B) line l/PSA cells, either uncreated or 
treated with 3% dimethylsulfoxide (DMSO) for 7 days, along with (C) 
P815 and (D) P815/PSA cells were stained for class I using AF4-62.4 
(anti-H^D*), followed by fluoresce in-isothiocyanate -conjugated goat 
an ti-( mouse IgG) as described previously [35]. - • • Staining with the 
second-step antibody only, white areas staining for class I (uninduced). 
shaded areas class I (DMSO- induced) 



higher than that seen in the previously reported PSA- 
transfected mouse colon adenocarcinoma cell line MC-38 
[17]. 

Since we wished to examine the specific cytotoxic Tcell 
response to PSA, it was essential to measure the levels of 
class I MHC to ensure that expression of the transgene did 
not alter the class I expression in either of these PSA- 
transfected tumor cell lines. As shown previously, line I 
cells normally express very low levels of class I molecules. 
However, the expression of class I in line 1 cells can be up- 
regulated 30- to 50-fold by growth in vivo or by treatment 
with either DMSO or interferon y in vitro [1, 28]. As 
expected, PSA-transfected line 1 cells (line l/PSA) also 
expressed low levels of class I, and treatment with OMSO 
induced class I expression to a level comparable to that of 
DMSO-induced line 1 cells (Fig. 2A, B). It was also shown 
that parental Pilb and PSA-transfected P815 cells (P815/ 
PSA) had similar constitutive levels of class I expression 
(Fig. 2C, D). Hence, transfection with PSA did not alter the 
class I expression in either cell line, nor the inducibility of 
class I expression in line l/PSA cells. 



Priming with PSA-expressing tumor cells induces 
specific tumor rejection 

To assess the immunogenicity of PSA expressed in the 
mouse tumor cells, we examined the ability of syngeneic 
BALB/c mice to reject PSA-expressing tumors with or 
without relevant priming. By immunizing mice with one 
tumor cell line and challenging with a viable, unrelated 
tumor cell line of the same haplotype, the effects of PSA 
expression on tumor rejection can be determined in the 
absence of background caused by an antitumor response. 
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Fig. 4A.B Characterization of tumor- infiltrating lymphocytes isolated 
from line I and line I /PSA tumors. Tumor- infiltrating lymphocytes 
isolated from mice inoculated with (A) line 1 (line I tumor-infiltrating 
lymphocytes. TIL) or (B) line 1/PSA (line l/PSATIL) were tested in a 
6-h cytotoxicity assay against DM SO- induced line 1 (0). line 1/PSA 
(O) and DMSO-induced line l/PSA"t«) cells 



Fig. 3A-F Effect of PSA expression by the tumor cells used for 
priming on subsequent tumor challenges. Groups of 5 BALB/c mice 
were either unprimed (A, B) or primed twice with P8 1 5 (C, D) or 
P8 15/PSA cells (E, F), then challenged with 10* line I (A, C, E) or line 
I /PS A (B, D, F) cells. Tumor growth was measured as described in 
Materials and methods. Each line represents the mean thigh diameter 
of a single mouse 



subsequent challenge with 10 4 parental line 1 cells, as" 
tumors grew in four out of five animals (Fig. 3E). However, 
priming with P8 15/PSA provided significant protection 
against subsequent challenges with 10 4 line 1/PSA cells. 
As shown in Fig. 3F, four out of five animals primed with 
P8 15/PSA did not grow line 1/PSA tumors. A x 2 analysis 
revealed that this protection was statistically significant 
(P<0.05) when compared to the other three groups of 
mice (fig. 3C-E), strongly suggesting that tumor rejection 
was mediated through a PSA-specific immune response. 

The line l/PSA tumor that grew in a P815/PSA-primed 
animal was harvested and cultured in vitro and the super- 
natant from this culture was tested in the PSA sandwich 
ELISA. PSA was not detected in the culture supernatant, 
indicating that this tumor no longer expressed PSA. We also 
found that, in some cases, the growth of line 1/PSA tumors 
in P8 15-pnmed animals resulted in a cell line that no longer 
expressed PSA (data not shown). Whether this is due to 
selection of a negative variant in vivo or to another form of 
antigenic variation related to the instability of the trans- 
fected gene is not clear. m 



Naive animals and animals immunized with irradiated 
P815 or P8 15/PSA cells were challenged 10 days later with 
viable line I or line l/PSA cells. In unprimed and P815- 
primed control animals, tumors formed in all the animals 
challenged with 10 4 parental line 1 cells, and in four out of 
five animals challenged with the same dose of line 1/PSA 
cells (one mouse with tumor died prematurely at day 55 in 
the P815-primed group. Fig. 3A-D). As expected, immu- 
nization with P8 15/PSA offered no protection against a 



PSA-expressing tumors induce a PSA-specific CTL 
response in unimmunized mice 

Line 1/PSA tumors appeared to establish, later than the 
parental line 1 tumors in both naive animals (Fig. 3A, B) 
and mice primed with P815 (Fig. 3C, D). This was not due 
to an intrinsic difference in the growth rates of the cells, as 
both line I and line 1/PSA exhibited the same growth rates 
in vitro with a doubling time of approximately 13 h (data 
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Fig. 5 Characterization of splenocytes and isolation of cytotoxic T 
lymphocyte (CTL) clones specific for PSA. Splenocytes isolated from 
mice immunized with (A) line 1 or (B) line 1/PSA. and (C, D) two 
CTL clones isolated from the bulk spienocyte cultures were tested in a 
6-h cytotoxicity assay against DMSO-induced line I (6), line 1/PSA 
(O), DMSO-induced line 1/PSA (•). P815 (□) and P815/PSA (■) 
cells 



not shown). Since transfection of line 1 cells with PSA did 
not change the inducibility of class I expression in vitro 
(Fig. 2A, B) or in vivo (data not shown), the retarded 
growth of line 1/PSA cells in naive and P815-primed 
animals suggested the induction of a primary anti-PSA 
immune response. To analyze directly whether such a 
primary response against PSA was occurring, naive synge- 
neic BALB/c mice were inoculated with line 1/PSA or 
parental line 1 cells and tumors were allowed to grow. 
Tumor-infiltrating lymphocytes (TIL) were harvested 20 
days after implantation, and the cytolytic activity of the TIL 
was determined by 6-h 5l Cr-release assays against DMSO- 
induced line l/PSA (class-I-high), line 1/PSA (class-Mow) 
and parental DMSO-induced line 1 (class-I-high) cells. The 
inducibility of class I expression in line 1/PSA cells 
provides an internal control for whether the PSA-induced 
immune response is due to class-I-restricted CTL. As 
shown in Fig. 4, TIL isolated from line 1/PSA tumors, 
but not from parental line 1 tumors, contained PSA-specific 
CTL. The cytolytic activity of the PSA-specific CTL 
depended on the expression of class I molecules as well 
as PSA. as neither uninduced line l/PSA nor DMSO- 
induced line I cells could serve as targets (Fig. 4). These 
results indicate that PSA elicits a specific,' class-I-restricted 
primary CTL response in mice. The generation of a primary 
CTL response against PSA may, in part, cause the delay in 
growth of line 1/PSA tumors in naive and P8l5-primed 
animals as observed in Fig. 3. 



Immunization with a PSA-expressing tumor results 
in PSA-specific memory CTL 

The observation that expression of PSA in the pnmu 
tumor elicited rejection of subsequent challenges with PS.- 
expressing tumors as well as the demonstration of TIL 
growing, PSA-expressing tumors prompted us to examii 
the memory response against PSA. BALB/c mice we 
primed twice with irradiated line 1 or line l/PSA, ar 
splenocytes were removed and re-stimulated again in vit 
before their cytolytic activity was tested against target eel': 
Splenocytes isolated from mice immunized with line i cei 
showed no cytolytic activity against PSA-expressing cei 
(Fig. 5A). However, splenocytes from line 1/PSA-imm 
nized mice lysed target cells in a PSA-dependent manm 
As shown in Fig. 5B, these splenocytes were capable 
lysing DMSO-induced line 1/PSA targets but not lii 
l/PSA (class-I-low) targets or DMSO-induced line 1 targe 
(data not shown), demonstrating that the effectors we 
specific for PSA in a class-I-restricted fashion. Specifici 
for PSA was further shown by demonstrating that : 
unrelated syngeneic target cell, P815/PSA, could be lys< 
efficiently by these effectors while the parental line, P81 
was lysed to a much lesser extent. 

Although most of the lysis appeared to be PSA-specifi 
there were also significant levels of PSA-independe 
cytolytic activity in the bulk spienocyte cultures. To e 
amine the specificity of the memory CTL response again 
PSA, the bulk spienocyte cultures were cloned by limitir 
dilution and PSA-specific CTL clones were isolated on tl 
basis of their high lysis of PSA-expressing target cells. Ti 
specific cytolytic activity for PSA-expressing targets of tv 
of these clones is shown in Fig. 5C, D. These clon 
showed highly efficient lysis of DMSO-induced line 
PSA and P815/PSA targets, which express both PSA ai 
class I, while there was no specific lysis of the class- 
expressing targets DMSO-induced line 1 and P81S. T3 
data from these cytotoxicity assays demonstrate the pre 
encc of a classical, class-I-restricted memory CTL respond 
to PSA in immunized animals. 



Discussion 

Immunotherapy for prostate tumors designed to promc 
cell-mediated immunity has^ecently been pursued. It h 
been shown that interleukin-2-transfected Dunning t 
prostate carcinoma cells induce a local antitumor respon 
in the rat model, which appears to be due to a non-T-ce 
mediated mechanism [31). In the same Dunning rat modt 
granulocyte/macrophage-colony-stimulating-factor-trans- 
duced tumor vaccine cells have been shown to proloi 
survival in rats with established prostate tumor deposited 
a distant site [38]. However, these reports neither chara 
terized the antigens recognized nor dem nstrated directly 
T-cell-mediated immune response. A recent report, 
which a PSA-transfected mouse colon adenocarcinon 
cell line was shown to grow faster in athymic mice th. 



in syngeneic C57BL/6 mice, sugge^cd the possible invol- 
vement of T ceils in slowing the growth of PSA-expressing 
tumors [17]. However, the Tcell response was not further 
characterized. Finally,. a PSA-expressing vaccinia vector 
has recently been constructed in an effort to generate a PSA 
vaccine that could potentially be used in humans [12]. 
Inoculation of rhesus m nkeys with this vaccinia vector 
resulted in a PSA-specific IgM response as well as T cell 
proliferation in response to PSA. Again, however, there was 
no further characterization of T cell subsets involved or 
whether the vaccine could engender an antitumor response. 

In this report, we extended these studies by showing that 
the expression of human PSA in mouse tumor cells elicits a 
potent CTL response in mice. Immunization with a PSA- 
expressing tumor resulted in rejection of subsequent chal- 
lenges with tumors that expressed PSA. The generation of 
PSA-specific CTL clones clearly is an indication of the 
ability of PSA to act as a target for antitumor CTL. 
Interestingly, the expression of a single foreign protein is 
sufficient to engender a potent T cell response and protect 
against an aggressive and poorly immunogenic tumor. The 
immunogenicity studies presented here thus serve as a basis 
for the design of methods to elicit a PSA-specific CTL 
response in humans. If a PSA-specific CTL response can be 
elicited in patients with prostate cancer, then an immune 
response could be directed to the tumor. 

One obvious obstacle in eliciting an immune response to 
PSA is that humans are generally tolerant to self-antigens. 
However, the large number of tissue-specific autoimmune 
diseases in humans demonstrate that self-tolerance is not 
always absolute. Moreover, recent studies on human mel- 
anoma have shown that tyrosinase, Melan-A-MART-1, 
gplOO and gp75, all normal self-proteins specific to the 
melanocyte lineage, can serve as targets for anti-melanoma 
CTL [2, 7, 18, 42]. The existence of anti-melanoma CTL 
specific for self-proteins clearly demonstrates that self- 
antigens can be targets for CTL. 

PSA offers an excellent opportunity to examine the 
ability of self-antigens to serve as targets for CTL. Antigens 
that are present at low levels or sequestered from the 
immune system [39] enhance the likelihood of unrespon- 
siveness. Since PSA is highly restricted in its tissue expres- 
sion and is expressed late in development and at low levels 
in circulation, it may be below the detection limit of the 
immune system. Furthermore, it has recently become ap- 
parent that sequestration need not be absolute. It may be 
sufficient that the target antigens are not presented in an 
immunogenic fashion. This, phenomenon, termed clonal 
ignorance, has been experimentally demonstrated in elegant 
transgenic experiments using a lymphocytic choriomenin- 
gitis virus (LCMV) protein expressed in pancreatic islet 
cells [33]. These cells were tolerated until the LCMV 
protein was introduced in an immunogenic form by infect- 
ing the mice with LCMV, inducing T cell infiltration into 
pancreatic islets with resultant hypoglycemia. These find- 
ings suggest that the transgenic mice were not tolerant to 
the LCMV protein but merely ignorant of it. It is possible 
that non-responsiveness to PSA in humans might be similar. 
Indeed, the detection of anti-PSA antibodies in patients 



with advanced prostate ^ancer [9], in which PSA expression 
is greatly increased, indicates that PSA can be the target of 
a humoral autoimmune response and that tolerance to PSA 
is not absolute. Since CD4 cells are required for efficient 
antibody production, this finding also suggests the presence 
of a CD4 T cell response. 

There are also theoretical reasons why tolerance may not 
be absolute. While tolerance may be induced for certain 
epitopes of self-antigens, it is possible that there are other 
determinants present in the same self-antigen that have not 
induced self-tolerance (reviewed in [20, 32, 40]). In essence 
the immune system is ignorant of these "cryptic" epitopes. 
However, under, certain circumstances, these epitopes can 
be displayed in an immunogenic form and induce an 
autoimmune response. For instance, it has been shown 
that binding of HIV gpl20 to CD4 causes extensive inter- 
nalization of this complex, which leads to increased pre- 
sentation of CD4 epitopes on the MHC molecules cf that 
cell [37]. This altered presentation leads to an increase in 
the presentation of a cryptic CD4 epitope and subsequent 
autoimmune-T-cell-mediated destruction of these cells. 
Therefore, even if humans are truly tolerant of the dominant 
antigenic peptides of PSA, the unresponsiveness to PSA as 
a whole may be reversed by presenting the cryptic deter- 
minants of PSA in an immunogenic form. 

We are currently developing a transgenic mouse model 
in which human PSA is specifically expressed in the 
prostate gland. This model more closely approximates the 
situation in humans in that PSA becomes a self-antigen. By 
immunizing these mice with PSA-expressing tumor cells or 
by other methods, we will be able to evaluate the effect of 
endogenous PSA expression on the immune response to 
PSA. In our current work, we have shown that a strong 
immune response can be effective against tumors expres- 
sing PSA. Future studies with our transgenic mouse model 
will allow us to develop methods for generating an 
autoimmune, cell-mediated response against PSA that will 
be translatable to the immunotherapy of human prostate 
cancer. 
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Phase I Clinical Trial: T-Cell Therapy for 
Prostate Cancer Using Autologous Dendritic 
Cells Pulsed With HLA-A020 1 -Specific Peptides 
from Prostate-Specific Membrane Antigen 

G. Murphy, B. Tjoa, H. Ragde, G. Kenny, and A. Boynton 

Pacific Northwest Cancer Foundation, Cancer Research Division (CM, B.T., H.R., G.K.), 
Department of Molecular Medicine (A8.J, Northwest Hospital, Seattle, Washington 

BACKGROUND. Conventional-treatment for metastatic prostate cancer have failed to dem- 
onstrate curative potential in ail patients. Investigations involving the role of T<eUlrnm unity 
in the clearance of neoplastic cells are now available. Development of T-ceU immunotherapy 
may give a new approach to the treatment of advanced metastatic prostate cancer. 
METHODS. A phase I clinical trial assessing the adrninistration of autologous dendritic cells 
(DC) pulsed with HLA-A0201 -specific prostate-specific membrane antigen (PSMA) peptides 
were conducted. Participants were divided into five groups receiving four or five infusions 
of peptides alone (PSM-P1 or PSM-P2; groups 1 and 2, respectively), autologous DC (group 
3), or DC pulsed with PSM-P1 or P2 (groups 4 and 5, respectively). 
RESULTS. No significant toxicity was observed in all five groups. Cellular response against 
PSM-P1 and -P2 was observed in HLA-A2 * patients infused with DC pulsed with PSM-P1 
or -P2 (groups 4 and 5), respectively. An average decrease in PSA was detected only in 
group 5. Seven partial responders were identified based on NPCP criteria + PSA. 
CONCLUSIONS. Infusions of test substances were well tolerated by all study participants. 
Detection of cellular response and decrease in PSA level in some patients who received DC 
pulsed with PSM-P2 indicate this method's potential in prostate cancer therapy 
© 1996 Wiley-Liss, Inc. 

KEY WORDS: dendritic ceUs (DO, T cell, immunotherapy, prostate cancer, Phase I 
trial 



INTRODUCTION 

Immunotherapy has recently emerged as a prom- 
ising new approach in cancer therapy, in light of new 
advances in two important components. Discovery of 
cancer-specific antigens (Ag), e.g., melanoma, breast, 
and ovarian cancer-speofic/associated protein and 
peptides have provided the first component: targets 
for specific therapy [1-5]. T cells recognize processed 
peptide antigens bound to the major histocompatibil- 
ity complex (MHC) proteins (6). Previous studies 
have identified specific motifs of MHC class I-binding 
peptides [7-10]. These advances are useful for pre- 
dicting potential T-ceU epitopes from proteins of 
known amino acid sequences. HLA-A0201 (a subset 
of HLA-A2 family) is one of the MHC class I protein 



expressed by a large proportion of the population 
[11]. Using the specific motif, we identified HLA- 
A0201 -specific prostate-specific membrane antigen 
(PSMA) peptides for use as Ag in our prostate cancer 
immunotherapy study [12]. PSMA is a specific pros- 
tate antigen recognized by monoclonal antibody 
7E11.C5 [13,14]. Levels of PSMA are elevated in the 
serum of hormone refractory advanced prostate can- 
cer patients. PSMA is also found in normal male se- 
rum and seminal fluid, and in prostate epithelial cells 
(15,16). 



Address reprint requests to Dr. Gerald P. Murphy, Pacific North- 
west Cancer Foundation, Northwest Hospital, 120 Northgatc 
Plaza, Suite 205, Seattle, WA 98125. 
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Patient Number 

Fig. I. Number of dendritic cells (DC) infused in this study. 
Three groups (groups 3-5) were infused with autologous DC 
cultured from individual patients' peripheral blood mononuclear 
cell population. Group 3 patients were divided into subgroups 
which received the assigned dose of 1,5. 10. or 20 x 10* DC. 
Groups 4 and 5 received the assigned dose of up to 2 x 1 0 7 DC. 



Ths actual number of cetis infused depend^ on the number of DC 
harvested from culture before each infusions. The assigned dose, 
and the average number of DC actually infused [and standard error 
of the mean (SEM)] for each patient are depicted using white and 
black bars respectively. The average number of cell infused in 
groups 4 and 5 are 8.2 x 10* and 7.3 x 10*. respectively. - 



TABLE 


1. Phase t Patient Prostate Cancer Staging* 


Group 


No. of 
patients 






Stage 




B2* 


c* 


DO* 


Dr D2 


1 


11 


0 


0 


1 


1 9 


2 


9 


0 


2 


0 


0 7 


3 


12 


0 


i 


0 


1 10 


4 


9 


1 


0 


0 


1 7 


5 


10 


0 


0 


3 


1 6 


All 


51 


T 


3 


4 


4 39 



•Patients in these stages also had elevations in PSA serum levels. 



The second component was the requirement of 
efficient presentation of cancer Ag by the host's an- 
tigen presenting cells (APC) to circulating T cells in 
the generation of arueffective anticancer response 
[171- Dendritic cells (IX!) are known as professional 
APC and have an exceptional ability to present Ag 
to naive CD4* and CD8T cells both in vivo and 
in vitro [18,19]. DC are present in very small num- 
bers in many tissues of lymphoid and nonlvmphoid 
origin [19J. Several investigators, including our 
laboratory, have developed protocols to generate 
large numbers of DC from peripheral blood or bone 
marrow [20-24]. We further reported the ability to 
culture DC from peripheral blood of advanced 



prostate cancer patients, many of whom with im- 
paired immune system due to previous radiation, 
chemo-, or hormone therapy (20). DC cultured from 
these patients pulsed with a number of prostate-spe- 
cific Ag, including two HLA-A0201 -specific PS MA 
peptides (designated PSM-P1 and PSM-P2), have the 
capacity to activate naive autologous T cells in vitro 
[12]. 

Based on the in vitro study, we conducted a phase 
I clinical trial to assess the safe administration of au- 
tologous DC pulsed with HLA-A0201-specific PS MA 
peptides to patients with advanced metastatic, hor- 
mone resistant prostate cancer. Patients were divided 
into five treatment arms that receive four or five in- 
fusions of PSM-P1 or PSM-P2 alone, autologous DC 
alone, or autologous DC pulsed with PSM-P1 or 
PSM-P2. Findings from this study support the poten- 
tiality of DC-based prostate cancer vaccines. 

MATERIALS AND METHODS 

Reagents and Cytokines 

PS MA peptides with HLA-A020l-specific motif 
(PSM-Pl: LLHETDSAV; PSM-P2; ALFDIESKV) were 
synthesized and purified (>95% purity) by Peninsula 
Laboratories (Belmont, CA) and obtained as a Ivo 
philized powder. The powder was dissolved in 0.9% 
saline (USP 0.9%, sodium chloride injection, Ameri- 



TABLE II. Clinical Profiles of Phase I ClinicaJ Trial Participants* 





No. of 


Hormone 




Posrradiation 






( + ) Skin tests 


Group 


Patients 


refractory 


Postprosta tectomy 


tnpra nv 


i uaiurt iiicviurnv 


LIT A A *5 i 


0 


1 


2 3 


1 


11 


11 


5 


8 


5 


7 


2 


5 


I 3 


2 


9 


9 


2 


3 


6 


5 


4 


1 


2 2 


3 


12 


12 


2 


2 


6 


10 


3 


4 


2 3 


4 


9 


9 


3 


7 


5 


3 


3 


4 


1 1 


5 


10 


10 


4 


8 


4 


5 


2 


4 


1 3 


All 


51 


51 


16 


28 


26 


30 


14 


18 


7 12 



'HLA-A2 expression was determined in our laboratory as described under Materials and Methods. Three types of skin test were conducted: 
diphtheria/tetanus, streptokinase, and mumps antigens. 



TABLE III. Toxicity Observations in Phase 1 Study: 


Occurences of Mild Hypotension* 


Observed 




During Infusions 




Infusion Group 


Group 


Group Gruu 


p" Group 


No. 1 


2 


3 4 


5 Total 


1 5 


2 


5 4 


3 19 


2 0 


1 


1 1 


0 3 


3 4 


1 


3 1 


0 9 


4 1 


0 


1 0 


NTD* 2 



•Average systobc/diastolic over 4 hr <30/20 mm Hg (e.g., 136/89- 
116/69). All blood pressure decreases returned to pretreatment lev- 
els. 

' 'Data not available at the time of this analysis. 



can Reagent Laboratories, Shirley, NY) to a concen- 
tration of 2 mg/ml. The peptide solution was steril- 
ized using a 0.2-u.m filtration. Sterile 0.9% saline was 
added to achieve concentrations of 200, 20, and 2 u,g/ 
ml; 100-uJ aliquots of the three peptide concentra- 
tions containing 20, 2, or 0.2 u,g peptide were trans- 
ferred into sterile containers and frozen until use. 
Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) approved for human use was provided by 
Immunex (Seattle, WA). Interleukin-4 (IL^I) ap- 
proved for human use was provided by Schering- 
Plough Research Institute (Kenilworth, MY). 

" DC Culture 

In this investigation, 50-100 ml peripheral blood 
was drawn and peripheral blood mononuclear cells 
(PBMC) isolated using Lymphoprep (GIBCO-BRL, 
Gaithersburg, MD) density-gradient centrifugation. 
PB MC were resuspended in complete medium 
(OPTIMEM medium [GIBCO-BRL, Gaithersburg, 
MD] and 5% heat-inactivated autologous plasma) and 
plated in a 75-cm 2 tissue culture flask (2-3 x 10 7 cells/ 
flask). Cell suspensions were incubated in a humid- 



ified incubator (3TC, 5% COJ for 60 min. Non-ad- 
herent cells were removed and adherent cells were 
washed gently with warm (37°Q complete medium. 
Dendritic cell propagation medium (DCPM: complete 
medium, 1,000 U/ml GM-CSF^nd 1,000 U/ml IL-4) 
was added to the adherent cells (10 ml/flask). These 
cells were cultured for 4-6 days. 

Patient Population 

Fifty-one patients with advanced hormone-resis- 
tant prostate cancer were selected for the study, 
which included a signed informed consent. Their 
prostate cancer staging, previous treatment history, 
and pre-study delayed-type hypersensitivity (DTH) 
skin test results are shown in Tables I and II. In ad- 
dition, patients were tested for expression of HLA-A2 
expression using flow cytometric analysis with a 
monoclonal antibody specific for HLA-A2 (BB7.2 
[25]), as well as polymerase chain reaction (PCR) (Ta- 
ble II). During the period of observation of 6-12 
months, 50-100 ml of heparinized peripheral blood 
was drawn for DC culture and immunological moni- 
toring. 

Treatment Groups 

Participants were divided into five treatment 
groups. In the first group, the patients were infused 
with PSM-P1 (LLHETDSAV) peptide at 0.2, 2.0, and 
20.0 ng; group 2 received PSM-P2 peptide (ALFDI- 
ESKV) at the same concentrations received by group 
l,jeroup 3 received autologous DC at 1, 5, 10, or 20 x 
lCr per infusion; group 4 and 5 received up to 2 x 10 7 
autologous DC pulsed for 2 hr with 1 ng/ml PSM-P1 
or PSM-P2, respectively. Every group received four or 
five doses of the test substance at 6-8 week intervals 
during the study period. 

Infusions 

PSMA peptides. One frozen aliquot of PSM-P1 
or -P2 containing the appropriate amount of peptide 
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Day Number 



Infusion 



Fig. 2. Partial respooder who had external radiation before vac- 
cine therapy. This patient was admitted to this study with a history 
of bony metastasis (stage Dj) and underwent palliative radiation 
therapy to his right shoulder and lower spine 3 weeks before the 
first infusion. He is an HLA-A2 positive individual enrolled in group 
5. He was infused with S and 6 million autologous DC pulsed with 
PSM-P2 in the first two infusion cycles. The T<ell response to 
PSM-P2 was modulated after infusions (stimulation ratios postinfu- 
sion I = 1 .9 and postinfusion 2 « 4.7). Top: Decrease in PSA and 
increase in % free PSA levels. Bottom; Decrease in PSMA and 
alkaline phosphatase levels during the course of the clinical trial 
Arrows along the horizontal axis indicate the date of DC infusions, 




50 



100 150 200 250 



Day Number 



t t T T 



Infusion 



Fig. 3* Partial respooder from group I who was in remission for 
25-225 Days, and is now in progression. 



Toxicity Monitoring 

Both acute and chronic toxicity were monitored. 
Monitoring for acute toxicity took place during and 
immediately following infusion for a period of 1-4 hr. 
Patients were observed for the development of (1) 
allergic reaction and (2) anaphylactic reaction during 
that time. Chronic toxicity were evaluated at periodic 
examinations. 



(20, 2, or 0.2 u,g) was thawed and transferred into 
single-use 10- ml injectible USP 0.9% saline vials 
(American Reagent Laboratories). The peptide solu- 
tion was infused over 5 min into the lateral entry 
port of a fast-flowing intravenous infusion of 0.9% 
saline. 

DC/Peptide-Pulsed DC. Cells were washed 
three times with 0.9% saline to eliminate trace me- 
dium, counted, and transferred to into a single-use 
10- ml injectible 0.9% saline. DC were infused over 30 
min with a total volume of 100 ml 0.9% saline. 



Cytokine Level Monitoring 

Serum tumor necrosis factor-a (TNF-a) and inter- 
feron-^ (IFN-a) from peripheral blood drawn one day 
post-infusion were measured using enzyme-linked 
immunoabsorbent assay (EUSA) kits (BioSource In- 
ternational, Camarillo, CA). 

Clinical Monitoring 

Patients were followed before during and after 
treatment with periodic PSA (prostate specific anti- 
gen; Tandem-E PSA kit Hybritech, La Jolla, CA), free 
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Fig. 4. Partial rcspooder from group 2 who, at the time of the 
response, had a change in hormone therapy to DES. 
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Fig. 5. Partial responder from group 4 in Whom the % free PSA 
remains low at present. 



PSA (Tandem-R PSA kit, Hybritech), PSMA, com- 
plete blood counts (CBCs), CHEM-22, initial chest ra- 
diography, bone scan, and computed tomography 
(CT) scan of the pelvis. All testing was conducted on 
either an inpatient or outpatient basis at Northwest 
Hospital. Patients were also evaluated every infusion 
cycle by one of the study physicians. 

Immunological Monitoring 

T-cell lymphoproliferative responses upon presen- 
tation of PSM-P1 QT -P2 to patients' peripheral blood 
lymphocytes. In short, preinfusion and 7-day postin- 
fusion PBMC freeze store vials were thawed, 
washed, cells counted, and viability assessed and re- 
suspended at 2 x 10 6 cells/ml; 200,000 cells per well 
were incubated in 96-well microtiter plates in tripli- 
cate. PSM-P1 or -P2 (10 ng/ml) were added at the start 
of the culture. On day 5, 1 p-Ci tritiated thymidine 
( 3 H-TdR) were added to each well. Cells were further 
incubated for 24 hr and harvested, and the tritiated 
thymidine incorporated was measured using a liquid 



scintillation counter. Stimulation ratio was calculated 
as the average cpm from postinfusion wells divided 
by the average cpm from preinfusion wells. 

RESULTS 
Patient Population 

Fifty-one patients with hormone-refractory pros- 
tate cancer were selected for this study (Tables I, II). 
Most (47/51) have metastatic disease, most of whom 
(39/47) are stage D2 patients. A large proportion of 
the population have undergone previous radiation 
therapy (28/51) and/or surgical procedures, such as 
prostatectomy (16/51), orchiectomy (26/51), or a com- 
bination of treatments. Most study participants have 
impaired cellular immunity, as less than 25% (12/51) 
of the population responded to all three antigens in a 
DTH test conducted prior to the start of the study 
(Table II). More than 50% (30/51) of the patients in 
this study express HLA-A2 (Table II). 

Study participants were divided into five treat- 
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ment groups as described under Materials and Meth- 
ods. In shorty patients in the first group received 
PSM-P1 at 0.2, 2.0, and 20.0 M-g; group 2 received 
PSM-P2 at the same concentrations as group 1; group 
3 received autologous DC at 1, 5 10, or 20 x 10 6 per 
infusion; and groups 4 and 5 received up to 2 x 10 7 
DC pulsed with PSM-P1 or -P2, respectively. The 
number of DC infused in groups 4 and 5 varied be- 
tween 2 x 10 6 to 2 x 10 y cells, depending on the 
number of cells cultured from patients' blood. Figure 
1 shows the average number of DC infused to indi- 
vidual patients in groups 3-5. Patients in groups 1-3 
have completed at least four infusions. Patients in 
groups 4 and 5 have completed at least three and two 
infusions, respectively. 

Toxicity Monitoring 

Acute toxicity monitored during and immediately 
following infusion include the development of aller- 
gic and anaphylactic reactions. The only significant 
reaction observed was that of a mild to moderate hy- 
potension (without associated pulse rate change, fol- 
lowing the infusion in all groups (24/51 subjects). The 
incidence was highest at the first infusion (Table III) 
and declined thereafter. A given subject experiencing 
hypotension at the first infusion did not experience 
repeat hypotension on follow-up infusions in most 
cases (16/51 subjects did not experience repeat hy- 
potension; 8/51 did, with 7 subjects experiencing hy- 
potension in 2/4 infusions, and one subject experienc- 
ing hypotension in 3/4 infusions). Blood pressure 
reductions did not persists beyond 4 hr postinfusion. 
All subjects were recumbent during this observation 
period. No sequelae were noted. In addition, 3/51 
patients reported a feeling of fatigue postinfusion 
that lasted 7-8 days. No significant rise in serum 
TNF-a or IFN-^ was observed. 

Clinical and Immunological Monitoring 

CBC and SMA-12 studies, as well as prostate 
marker studies were conducted at every interval. In 
addition, patients were also monitored for cellular 
immune modulation to the appropriate PS MA pep- 
tides (PSM-P1 or -P2). The results of these studies are 
summarized in Tables IV and V. Owing to the large 
variation of pretreatment levels of PSA among the 
patients, each treatment group was divided into two 
categories: low (initial PSA values of 0-10) and high 
(initial PSA values >10) PSA subgroups. Analysis of 
the five treatment groups a whole demonstrated a 
modest increase in PSA levels in group 1-3 patients, 
who received peptide or DC alone, and group 4 pa- 
tients, who received DC pulsed with PSM-P1, with 
high initial PSA. No significant change in PSA levels 



60 




Infusion 



Fig, 6. Partial responder from group 4 in whom the PSMA values 
remain high. 



was observed in group 4 patients with low initial 
PSA, as well as patients in group 5 (who received DC 
pulsed with PSM-P2; Table IV). In addition, no sig- 
nificant change was observed in the levels of absolute 
lymphocyte, hematocrit and alkaline phosphatase 
(Table V). 

Analysis of cellular immune modulation as ana- 
lyzed using an in vitro proliferation assay within each 
treatment group as a whole showed no significant 
response in groups 1-4 and a modest increase in 
group 5. However, a higher extent of cellular re- 
sponse are observed within the HLA-A2-positive 
subpopulation of groups 4 and 5 (Table VI), with an 
average stimulation ratio of 1.9 and 2.8 after two in- 
fusions of DC pulsed with PSM-P1 or -P2, respec- 
tively. Analyses of HLA-A2-positive populations 
within groups 1-2 (infused with peptide alone) or 
group 3 (DC alone) showed no significant increase in 
stimulation ratio. Furthermore, analyses of prostate 
markers within the HLA-A2-positive populations 
showed a decrease in PSA and a modest increase in 
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TABLE IV. Summary of Prostate Marker Levels* 



Group* 


Subgroup 


Category 


Preinfusion 


Postinfusion 1 


Postinfusion 2 


Posrinfus 


ion 3 


Mean 


SEM 


iviean 


ecu 

JCiVl 


Mean 




Mean 


SEM 


i 
l 


Low 


OC A 


1.71 


0.76 


1.81 


0.76 


2.72 


1.19 


8."63 


4.87 


PSM-P1 


PSA 


7ofPSA 


10.8 


5.6 


16.3 


8.5 


15.9 


8.6 


in q 


6 




[5| 


PSMA 


0.24 


0.04 


0.24 


0.05 


0.3 


0.03 


0.34 


0.05 




nign 


PC A 


3.23 


120 


399 


156 


109 


46 


142 


41 




PSA 


%fPSA 


18.4 


7.2 


15.4 


4.7 


21.2 


1.7 


lO. 1 






(6] 


PSMA 


0.25 


0.06 


0.29 


0.04 


0.28 


0.02 


0.28 


0.03 


2 


Low 


PC A 
1 Jr\ 


2.77 


1.5 


4.15 


2.41 


2.78 


1.81 


4.96 


3.49 


PSM-P2 


PSA 


%fPSA 


D.6 


3.6 


4.3 


2.3 


6.3 


3.5 


o 


«. . / 




[5] 


PSMA 


0.33 


0.04 


0.4 


0.04 


0.36 


0.02 


0.38 


0.04 




nign 


OCA 
1 Jrt 


1,099 


994 


862 


728 


1,369 


1,211 


2.891 


1.812 




PSA 


%fPSA 


22 


5.8 


19.6 


6.1 


22.7 


6.2 


17 1 


0 




W 


PSMA 


0.27 


0.09 


0.25 


0.08 


0.26 


0.05 


0.32 


0.02 




Low 


PC A 


7.24 


1.81 


8.41 


3.2 


11.4 


5.66 


10.5 


4.16 


Autologous DC 


PSA 


%fPSA 


10.3 


4.3 


14.4 


7.7 


13.7 


6 


11 8 


. . c 




l^J 


PSMA 




0.02 


0.29 


0.04 


0.29 


0.04 


0.28 


0.01 




Hieh 


PSA 


128 


43 


196 


58 


462 


163 


con 
580 


241 




PSA 


%fPSA 


27.8 


6.4 


23.6 


6 


21.1 


5 


24.3 


O.J 




[71 


PSMA 


0.33 


0.04 


0.29 


0.04 


0.38 


0.04 


0.4 


0.05 


4 


Low 


PSA 


2.39 


0.93 


1.91 


0.91 


1.27 


0.63 


2.08 


1.2 


DC/PSM-P1 


■ PSA 


%fPSA 


13.5 


8.5 


15.1 


8.8 


17.7 


11.1 


15.8 


7.7 




[5] 


PSMA 


0.3/ 


0.04 


0.39 


0.05 


0.39 


0.03 


0.34 


0.02 




Hi eh 


PSA 


89 


24 


148 


0.14 


213 


110 


21 1 


100 




PSA 


%fPSA 


16.4 


2 


13.9 


0.5 


12.4 


0.7 


1 Q 

l J- 4. 


n q 




[4] 


PSMA 


0.31 


0.02 


0.33 


0.05 


0.38 


0.06 


0.39 


0.06 


5 


Low 


PSA 


3.34 


0.83 


2.6 - 


0.3 


3.5 


0.47 






DC/PSM-P2 


PSA 


%fPSA 


10.9 


4 


14.2 


4.8 


14.1 


0.2 








[5] 


PSMA 


0.35 


0.05 


0.36 


0.05 


0.35 


0.04 








High 


PSA 


57.4 


20.5 


33 


18 


50.8 


33.9 








PSA 


%fPSA 


15.2 


3.6 


19.2 


5.1 


26.2 


9.9 








[4] 


PSMA 


0.38 


0.04 


0.34 


0.04 


0.31 


0.03 







•Each group is divided into low (initial PSA values 0-10) and high PSA (initial PSA values >10) categories. Normal ranges tor the prostate 
markers: PSA = (0-4 ng/mi); %fPSA - (17.86 i 1.89); PSMA - (0.08-0.21) (ref. 26). Mean and standard error of the mean (SEM) values 
are obtained from patient sera obtained preinhision and 7 days postinfusion. 
The number of patients in each subgroup is shown in parentheses. 



percentage free PSA (%fPSA) levels only within pa- 
tients in group 5 (Table VI). 

Responders 

Individual analyses of patients' clinical response 
based on National Prostate Cancer Project (NPCP) 
criteria + PSA are presented in Table VII. Figure 2 
reports the prostate markers and alkaline phos- 
phatase level of one of the partial responders. This 
patient was admitted to this study with a history of 
bony metastasis (stage and underwent palliative 
radiation therapy to his right shoulder and lower LS 



spine 3 weeks before the first infusion. He is an 
HLA-A2 positive individual enrolled in group 5 (DC 
pulsed with PSM-P2 infusion). Immunological mon- 
itoring conducted showed increase in T-ceU response 
to PSM-P2 peptide with each infusion (stimulation 
ratios postuvfusion 1 = 1.9 and postinfusion 2 = 4.7) 
(Fig. 2). His PSA level decreased from an initial value 
of 105.51 to 3.54 after the first infusion cycle and 
stayed stable at 0.53-1.08 over 11 weeks of observa- 
tion. In addition, decreasing levels of PSMA (from 
0.506 to 0.326) and alkaline phosphatase (from 2,245 
to 116), and an increase of %fPSA (17.2 to 57.4) were 
observed. Furthermore, a bone scan conducted after 
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TABLE V. Clinical Monitoring Summary* 



Group* 


Category 


Preinfusion 


Postinfusion 1 


Postinfusion 2 


Postinfusion 3 


Postinfusion 4 


Mean 


C7C.IVI 


N'tean 


ecu 


Mean 


bctvl 


Mean 


CITh.il 


Mean 


SEM 


1 


' : 

Stimulation ratio 


— 





1.09 


0.03 


1.59 


0.3 


1.33 


0.17 


_ 




nil 


ADSOiuie lyrnpnocyre 


852 


159 


690 


122 


852 


85 


729 


105 


509 


53 




ritrlTla lOtTll 


35.6 


1.2 


34.9 


1.5 


35,8 


1.9 


35.6 


1.7 


33 


1.5 




/viiCdiinc pnospnatase 


152 


39.8 


184 


60 


136 


31 


145 


36 


140 


23 


2 


Stimulation ratio 6 


— 


— 


1.22 


0.17 


1.32 


0.13 


1.26 


0.2 








l*J 


rtDSUiUic ly iripiiwvy ic 


1,440 


340 


1.296 


283 


1,298 


330 


1,189 


26 


1.660 


-268 




Hematnrrit^ 

lie II la VIA,! 11 


36.6 


1.8 


35 


1.7 


35.8 


2.3 


34.5 


2 


36.2 


2.1 




Al^alino nnncnhafAco' 


127 


37 


126 


37 


112 


26 


144 


44 


137 


48 


3 


Stimulation ratio** 


— 


— 


1.13 


0.06 


1.2 


0.06 


1.23 


0.07 










nusuiuic ly iripriuty ic 


1,322 


82 


1,341 


134 


1,292 


103 


1,345 


129 










M a m a f ry-ri 

ncmaiucni 


38.6 


1.9 


37.6 


1.9 


36.5 


2.1 


37.6 


2.2 


— 


— 




Ajjcdurie pnospnatase 


145 


30 


179 


51 


293 


104 


371 


160 






4 


Stimulation ratio b 






1.87 


0.34 


1.37 


0.21 


1.2 


0.12 






[9] 


Absolute lymphocyte c 


833 


144 


838 


129 


800 


76 


1,037 


143 








Hematocrit* 1 


37 


0.9 


36.9 


n o 

\J ■ Kl 


IT 




38.3 










Alkaline phosphatase* 


67 


9 


69 


11 


73 


11 


79 


t 






5 


Stimulation ratio b 






1.33 


0.07 


2.01 


0.42 










[101 


Absolute lymphocyte 0 


1,155 


202 


1.026 


178 


972 


162 












Hematocrit* 1 


37.8 


1.5 


37.8 


1.1 


37.4 


1 












Alkaline phosphatase* 


323 


225 


111 


146 


103 


12.5 











'Mean and standard error of the mean (SEM) values are obtained from patient sera obtained preinfusion and 7 days postinfusion. 
'The number of patients in each group is shown in parentheses. 

b Measure of T<ell lymphoproliferauve response against the appropriate PSMA peptide as described under Materials and Methods. 
c Normai range: 1,000-3,500 x 10 3 mi. 
d Normal range: 40-52%. 
'Normal range: 25-125 IU/L. 



two infusion cycles revealed a considerable improve- 
ment with decreased activity seen throughout the 
skeletal metastasis compared to two previous exami- 
nations conducted before his enrollment in the study 
and after one infusion cycle. 

Figure 3 illustrates a partial responder from group 

1. The response lasted 25-225 days and was of short 
duration. A bone scan has confirmed the progres- 
sion. Figure 4 shows a partial responder from group 

2. The hormone treatment was changed to 1 mgm/qd 
D.E.S. Thus, the origin of the response is not clear. 
As shown in Figure 5, a responder in group 4 did not 
show a resolution of all four markers (PSA, %fPSA, 
alkaline phosphatase, and PSMA). The %fPSA was 
not restored to normal ranges, and the normal alka- 
line phosphatase remained such. By contrast, as 
shown in Figure 6, another group 4 responder had no 
response in terms of the PSMA levels. For the deter- 
mination of a response, the NPCP criteria plus PSA 
reduction >50% was required. The additional mark- 



ers are under comparative study. Thus, to date, 
seven partial responders have been identified along 
with 29 progression, 11 stable, and 4 none valuable 
cases. 

DISCUSSION 

In this study, we have examined the safe admin- 
istration of HLA-A0201-specific PSMA peptides 
(PSM-P1 and -P2), autologous DC, and PSM-P1 and 
-P2 pulsed autologous DC to 51 patients with ad- 
vanced hormone-refractory prostate cancer, most of 
whom (39/51) are in stage D 2 . Many of these patients 
are anemic and have undergone various treatments 
that have resulted in an impaired immune compe- 
tency. Less than 25% of this population were consid- 
ered fully immunocompetent at the start of the study, 
as assessed by DTH skin tests. Almost one-third of 
these patients failed to respond to any of the three 
test antigens. 

At the completion of up to four cycles of infusion, 
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TABLE VI. PSA Levels and T-Cell Response Against PSMA Peptide in HLA-A2-Positive Patients* 



Preinfusion Posrinfusion 1 Postinfusion 2 Posrinrusion 3 



Group* 


Category 


Ave 


SEM 


Ave 


SEM 


Ave 




Ave 


C CI 4 


i 


Stimulation ratio* 


— 


— 


1.01 


0.1 


1.39 


0.31 


1.16 


0.1S 




PSA 


4.47 


3.17 


5.53 


4.23 


4.01 


2.03 


9.24 


4.18 


[7] 


% freePSA 


10.5 


5.17 


16.1 


7,62 


18.9 


7.29 


13.6 


5.6 


2 


Stimulation ratio* 






1 


0.07 


1.1 


0.05 


1.3 


0.25 




PSA 


875 


896 


684 


661 


1086 


1095 


2146 


1.656 


[5] 


% freePSA 


17.3 


7.55 


15.8 


7.48 


19.6 


7.7 


14.3 


6.8 


4 


Stimulation ratio* 






2.2 


0.29 


1.9 


0.21 








PSA 


74.1 


38.9 


93.3 


51.3 


177.7 


132 


211.6 


145.8 


[3] 


% freePSA 


26 


10.5 


26.5 


11 


30.9 


14.2 


29.6 


10.4 


5 


Stimulation ratio* 






1.6 


0.07 


2.8 


0.43 








PSA 


31.8 


21.1 


10.35 


5.28 


12.1 


6.23 






[6] 


% freePSA 


15.8 


4.46 


20.7 


5.87 


23 


11.8 







•The number of HLA-A2- positive patients in each group is shown in parentheses. 

'Measure of T<eli lymphoproliferative response against the appropriate PSMA peptide depicting the ratio c^vstinfusion and preinfusion 
values. 



TABLE VII. Summary of Phase I Trial Clinical Status* 



Pro- 




Partial 


Non- 




HLA-A2 


Group gression Stable responder evaluable Total 


+ /- 


1 7 


3 


1 


0 


11 


7/4 


2 5 


3 


1 


0 


9 


5/4 


3 10 


2 


0 


0 


12 


11/12 


4 3 


2 


4 


0 


9 


3/6 


5 7 


1 


1 


1* 


10 


6/3 



* Clinical status was determined as of 9/16/96 using NPCP criteria + 
PSA. 

'One patient died before receiving any infusion. 



maximum tolerated dose was not achieved, as no sig- 
nificant acute or chronic toxicity was observed in all 
doses of test substances. Elevation of the level of se- 
rum TNF-a and DFN--y, which are usually associated 
with immune response-mediated toxicity, were ab- 
sent in all study groups [27]. The only effect observed 
were mild to moderate cases of hypotension, presum- 
ably due to the length of infusion and observation 
period immediately following infusion, in which pa- 
tients were recumbent. Blood pressure drop did not 
persist over 4 hr posrinfusion. 

Data from immunological monitoring studies show 
an increase of T-cell response to the appropriate PSMA 
peptides in HLA-A2-positive patients in groups 4 and 
5. These patients received infusions of autologous DC 
pulsed with PSM-P1 or -P2, respectively, implying 
specific in vivo presentation of the PSMA peptides 



with HLA-A0201-specific motif, by autologous DC to 
circulating T cells. No significant responses were ob- 
served in group 3 patients, who received autologous 
DC alone, as well as group 1 and 2 patients,* who 
received peptides alone. These results demonstrate 
the requirement of both components in the genera- 
tion of an effective immune response. 

PSA assay is the only Food and Drug Administra- 
tion (FDA)-approved clinical assay for monitoring 
and early detection of prostate cancer to date. HLA- 
A2-positive patients in group 5 exhibited a significant 
reduction in average PSA values, presumably due to 
lysis of prostate cancer cells by PSM-P2-specific 
autologous T cells. Based on the NPCP criteria + 
PSA, seven partial responders were identified. Only 
one of the partial responders was identified from 
group 5 after two cycles of infusions. Four non-eval- 
uable patients are ail from group 5, two of whom are 
HLA-A2 positive and will continue to receive infu- 
sions and clinical evaluations for the rest of the study 
period. 

The seven responders have exhibited responses of 
150-225 days duration to date. These are relatively 
short. In five of these seven patients, all four markers 
were changed, viz. total PSA, % free PSA, PSMA, 
and total alkaline phosphatase. These are being fur- 
ther studied. We will soon also test the direct mea- 
surement of bone alkaline phosphatase isozymes. In 
follow-up evaluation, additional responses may be 
identified. At present we feel justified in planning a 
phase II study which will include DC pulsed with 
PSMA or PSMA peptides. 



V 
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